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FOREWORD

By Staff
Transportation Research
Board

This report documents gaps and weaknesses in the current practices for develop-
ing or expanding HOV (High-Occupancy Vehicle) systems. It describes the devel-
opment of a companion publication, NCHRP Report 414, “HOV Systems Manual,” and
presents an implementation plan for transferring the completed HOV Systems Manual
into practice. The contents of this Manual are, therefore, of immediate interest to both
highway and transit professionals in planning, designing, implementing, operating,
marketing, and enforcing HOV systems. The Manual is also useful to policy makers
and to others charged with achieving air-quality and congestion-management goals.

The Texas Transportation Institute (TTI) at Texas A&M University in College
Station, Texas, was awarded NCHRP Project 3-53, “Development of a HOV Systems
Manual,” to evaluate existing specifications and procedures for various aspects of HOV
systems, to identify alternatives and discuss their applicability, and to prepare a man-
ual that would promote consistency and effectiveness in future applications and empha-
size coordinated development of all elements of the HOV system. TTI was assisted in
this effort by Parsons Brinckerhoff Quade and Douglas, Inc. (PB) in Orange, Califor-
nia, and Pacific Rim Resources (PRR) in Seattle, Washington.

The report contains both a state-of-the-art literature review of current HOV prac-
tices and guidelines and the results of an extensive survey of HOV practitioners. The
gaps and weaknesses in current practice and knowledge were used to identify unre-
solved issues associated with HOV systems. The literature review, the survey, and the
gaps and weaknesses are presented in 10 general categories: HOV Facility Policy Con-
siderations; Planning; Design; Marketing; Operations; Enforcement; Implementation;
Support Facilities, Services, Policies and Programs; Environmental and Air Quality
Impacts; and HOV Facility Evaluations and Research Needs.

The report describes the development of the “HOV Systems Manual” (NCHRP
Report 414) and offers an extensive implementation plan for ensuring that the Manual
is quickly made available to practitioners and is incorporated into everyday use and
practice. It also suggests that, as the gaps and weaknesses are filled by future research,
those research results be presented in the same format as the NCHRP Report 414 and
be printed on three-holed paper for easy insertion into that Manual. This report further
recommends that the Manual be completely reviewed every 5 years to determine major
update needs and that a group well suited for implementing this review process and for
presenting future research needs to the NCHRP is the TRB Division A Committee
A3A06, High-Occupancy Vehicle Systems.
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DEVELOPMENT OF AN HOV SYSTEMS MANUAL

SUMMARY

The National Cooperative Highway Research Program (NCHRP) Project 3-53,
“Development of an HOV [High-Occupancy Vehicle] Systems Manual,” accom-
plished two objectives. The first objective was the development of a comprehensive
HOV Systems Manual that encompasses policy considerations, and planning, design-
ing, marketing, implementing, operating, enforcing, and evaluating various types of
HOV facilities. The second objective was to identify and recommend additional
research needs related to HOV systems.

The HOV Systems Manual, which is published separately as NCHRP Report 414 (1),
represents the major product of this project. This final report documents the process
used to develop the HOV Systems Manual (also referred to herein as the Manual),
including the literature review, the survey of transportation professionals, and the iden-
tification of additional research needs. It also presents the implementation plan to help
move the Manual quickly into practice and the suggested process for updating the Man-
ual on a regular basis. Each of these elements is highlighted in this Summary, along
with an overview of the Manual.

DEVELOPMENT OF THE HOV SYSTEMS MANUAL

State-of-the-Art Literature Review

A state-of-the-art literature review was conducted during the first phase of the proj-
ect. Automated information retrieval networks, on-line databases, and local contacts of
the research team were all used to obtain current reports and documents on guidelines,
informal practices, and general knowledge relating to all aspects of HOV systems.

The results of the literature search identified a number of documents prepared by fed-
eral, state, and local agencies; universities; and consulting firms. Available documents
related to developing HOV policies, and planning, designing, marketing, operating,
enforcing, and evaluating HOV facilities on freeways and in separate rights-of-way
were reviewed. Less information was available on arterial street applications, convert-
ing a general-purpose lane to an HOV lane, priority pricing with HOV facilities, and
special-use lanes.
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Survey of Transportation Professionals

A mail and telephone survey of transportation professionals was conducted during
the first phase of the research project. The survey was used to obtain additional infor-
mation on HOV projects, available reports and guidelines, critical issues, and gaps and
weaknesses in current knowledge and practice. The survey also helped identify indi-
viduals interested in reviewing outlines and draft sections of the Manual.

A total of 50 surveys were received in response to the mailings sent to the TRB’s
HOV Committee members and representatives at state departments of transportation
(DOTs) and transit agencies. The results indicated that agencies are more likely to
use formal and informal guidelines with HOV facilities on freeways and in separate
rights-of-way than on arterial streets. Formal design guidelines were most frequently
noted, followed by signing and pavement markings, and enforcement provisions and
practices.

Issues of concern identified by respondents were HOV policies, planning and
demand estimation techniques, public involvement strategies, general-purpose lane
conversions to HOV lanes, congestion pricing or priority pricing on an HOV facility,
environmental impacts, design elements, marketing approaches, supporting facilities
and services, and the use of Intelligent Transportation Systems (ITS) with HOV facil-
ities. These issues related to HOV facilities in separate rights-of-way, on freeways, and
on arterial roadways.

HOV SYSTEMS MANUAL

The HOV Systems Manual, which is a separate document, is comprised of 13 chap-
ters and 3 appendices. The major topics addressed in each chapter are highlighted next.

Chapter 1—Guide to the HOV Systems Manual.
This chapter provides a quick guide for users of the HOV Systems Manual and
describes the content and format of the remaining chapters.

Chapter 2—Introduction to HOV Facilities.

This chapter provides a summary of current issues, followed by a discussion of the
. HOV concept, the role HOV facilities can play in addressing some of these concerns,

and the current status of HOV projects in North America. The different types of HOV

facilities in use on freeways, in separate rights-of-way, and on arterial streets are

highlighted.

Chapter 3—Policy Considerations with HOV Facilities.

This chapter describes the policies that may be adopted at the federal, state, regional,
and local levels that can enhance the development and operation of HOV facilities.
The role of HOV facilities in the overall transportation system, the evolution of HOV
policies in North America, and examples of policies currently in use are highlighted.

Chapter 4—Planning HOV Facilities.

This chapter provides an overview of the steps involved in planning HOV facilities
on freeways, in separate rights-of-way, and on arterial streets. Approaches appro-
priate for regional-, corridor-, and facility-level planning are presented. Available
tools and techniques for demand estimation are summarized along with approaches
for assessing the potential environmental impacts of HOV facilities.



3

Chapter 5—Operation and Enforcement of HOV Facilities on Freeways and in
Separate Rights-of-Way.

Topics addressed in this chapter include the development of an operation and
enforcement plan, HOV operational alternatives, access options, vehicle-eligibility
and vehicle-occupancy requirements, transit operations, hours of operation, enforce-
ment, incident management, and special operational consideration.

Chapter 6—Design of HOV Facilities on Freeways and in Separate Rights-
of-Way

This chapter presents the design elements associated with HOV facilities on free-
ways and in separate rights-of-way. It includes information on the design process,
the groups that are usually included in this process, vehicle design criteria, and the
design features of barrier separated, concurrent flow, and contraflow HOV lanes, as
well as different types of access treatments. Examples of cross-sections, signing and
pavement markings, and other design elements are presented.

Chapter 7—Operation and Enforcement of Arterial Street HOV Facilities
This chapter describes the various approaches that can be used with arterial street
HOV facilities, the advantages and disadvantages of different techniques, and the
issues that may need to be considered with arterial street applications.

Chapter 8—Design of Arterial Street HOV Facilities

This chapter discusses the design elements associated with HOV facilities on arte-
rial streets. It includes information on the steps in the design process, the groups that
are usually included in this process, vehicle design criteria, and design features of
various types of arterial street HOV facilities. Examples of cross-sections, signing
and pavement markings, and other design elements are presented.

Chapter 9—Transit and Support Services and Facilities

This chapter presents the various transit service strategies and supporting fixed
facilities that may be used with different types of HOV projects. These include
transit stations, park-and-ride facilities, park-and-pool lots, and other supporting
elements.

Chapter 10—Supporting Programs and Policies

This chapter discusses other supporting programs and policies that may contribute
to the overall success of HOV facilities. These include regional rideshare programs,
guaranteed-ride-home services, parking management and parking pricing, employer-
based programs, growth controls, land use policies, and zoning ordinances.

Chapter 11—Implementing HOV Facilities

This chapter discusses techniques and approaches to meet these objectives. Involv-
ing the appropriate groups, developing an implementation plan, project phasing
and sequencing, project bidding and contracting, managing traffic during con-
struction, operating training, pre-operational testing, and other considerations are
presented.

Chapter 12—Public Involvement and Marketing Programs

This chapter provides a comprehensive summary of the various elements to be con-
sidered in developing, implementing, and evaluating public involvement and mar-
keting programs with HOV facilities. Topics covered include public participation,



market research, using in-house and consultant resources, marketing campaigns,
funding marketing efforts, and evaluating marketing programs. Case study examples
of successful and innovative public involvement techniques and marketing programs
are also highlighted.

Chapter 13—Monitoring and Evaluating HOV Facilities

This chapter presents the elements to be considered in developing and implementing
a comprehensive evaluation program. The processes for conducting an ongoing mon-
itoring and evaluation program are presented and data collection techniques are dis-
cussed. Case study examples of evaluation programs with HOV facilities are also
included.

Appendices

Three appendices are provided. These include a glossary of terms; a glossary of agen-
cies, organizations, and legislation; and a summary of selected HOV facilities and
proposed projects in North America.

IMPLEMENTATION PLAN AND UPDATING THE MANUAL

Implementation Plan

A proposed plan was developed outlining the approaches and techniques to help
ensure that the Manual is quickly made available to practitioners and is incorporated
into everyday use and practice. The proposed plan provides a coordinated and com-
prehensive technology transfer process necessary to advance the state-of-the practice
related to all aspects of HOV systems. The proposed implementation plan is comprised
of the following elements. Additional resources will be needed to implement some of
these elements.

» Marketing the HOV Systems Manual;

+ Distributing the HOV Systems Manual;

Using the HOV Systems Manual at national, state, and local training sessions;
+ Maintaining the HOV Web Site;

Publishing the HOV Systems Manual on CD-ROM;

Using video to support the HOV Systems Manual;

Distributing the Manual at national conferences; and

Using the HOV Systems Manual in graduate and undergraduate courses.

.

Updating the Manual

Recommendations for updating the HOV Systems Manual on a régular basis are also
included in this final report. The recommended process contains two major compo-
nents. First, the results of new research should be added to the Manual. Second, the
Manual should be reviewed every 5 years to determine major update needs. The TRB
HOV Systems Committee should play a key role on both these activities.

It is recommended that the results of the additional research projects identified pre-
viously and other relevant studies be incorporated into the Manual on an ongoing basis.
To facilitate the update process, and to ensure conformity, it is recommended that a new
or revised section of the HOV Systems Manual be one of the required deliverables for
every research project. This requirement should be included in the request for proposal
(RFP) or other statement of work issued on future research projects.
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The updated sections should follow the format of the current manual. To help ensure
the quality and usefulness of the updated sections, it is recommended that the TRB
HOV Committee review each new or revised section prior to publication.

In addition, it is recommended that the TRB HOV Systems Committee review the
full HOV Systems Manual every 5 years. This review should focus on identifying new
and emerging trends, developing additional research problem statements, and updating
project information. The results of this review would be specific recommendations on
updating chapters or sections and additional research studies. These recommendations
would be provided to TRB, NCHRP, TCRP, FHWA, FTA, and other agencies for ini-
tiating the update process.




CHAPTER 1

INTRODUCTION AND RESEARCH APPROACH

This final report documents NCHRP Project 3-53, “Devel-
opment of an HOV Systems Manual.” The major product of
the research study is the HOV Systems Manual (1), which is
published separately as NCHRP Report 414. As aresult, this
final report highlights only the major activities conducted in
the project and the implementation plan. This chapter sum-
marizes the research problem statement, objectives, scope,
and approach. Chapter 2 presents the findings from the liter-
ature review and the survey of HOV practitioners. Chapter 3
presents the gaps and weaknesses in current knowledge and
existing practices related to all aspects of HOV systems. (The
first three chapters were provided previously in the interim
report.) The last chapter highlights the development of the
HOV Systems Manual and the updated implementation plan
for moving the Manual into practice.

PROBLEM STATEMENT
AND RESEARCH OBJECTIVES

Traffic congestion in metropolitan areas represents a sig-
nificant problem that is receiving increased attention today.
Concerns about declining urban mobility, increased air pol-
lution, and wasted resources have been voiced on many
fronts. The cost of congestion, which has been estimated—
based only on the costs associated with fuel consumption and
delay—at some $4 billion annually for the 50 largest urban
areas in the country (2), is limiting the economic develop-
ment potential of many areas. Complicating the situation fur-
ther, most metropolitan areas are facing congestion issues in
a time of limited resources, both in terms of available fund-
ing for the expansion of highway and transit systems and
available land for new construction.

Realizing that there is no single solution, transportation
professionals and decision makers have been pursuing a
variety of techniques and approaches to address these prob-
lems. High-occupancy vehicle (HOV) facilities represent
one viable technique being used in many areas to respond to
these concerns. HOV facilities, which offer priority treat-
ments to buses, vanpools, and carpools, focus on increasing
the person-movement, rather than vehicle-movement, of a
roadway or travel corridor. At the time of this writing,
approximately 52 HOV projects are in operation on free-
ways or in separate rights-of-way in 24 North American

metropolitan areas. Additional HOV lanes are in operation
on arterial streets, and many more HOV projects are in var-
ious stages of development.

Existing HOV facilities have been designed and imple-
mented in response to local problems, needs, opportunities,
and policy considerations. As a result, a variety of design
treatments have been and are being used. In addition, the
approaches used to implement, operate, market, and enforce
HOV lanes varies greatly, along with the nature and extent
of support facilities and services. Currently, both formal
and informal guidelines and practices are available for
transportation professionals interested in different aspects
of HOV systems. These include manuals developed at the
local level (3,4,5), the state level (6,7,8), and the federal
level (9), as well as those completed by national organiza-
tions (/0,11,12) and consulting firms (I3).

As a result of the evolving nature of HOV systems, differ-
ences exist among many of the current guidelines and prac-
tices. An up-to-date comprehensive document that addresses
all aspects of developing policies, and planning, designing,
marketing, operating, enforcing, and evaluating HOV facili-
ties does not exist. This research study was conducted to help
meet this need.

NCHRP Project 3-53 focused on two objectives. The ma-
jor objective of the research study was the development of a
comprehensive HOV Systems Manual that addresses all
types of HOV facilities. The manual incorporates current
guidelines and practices related to all aspects of HOV sys-
tems. Elements addressed include policy considerations, and
planning, designing, marketing, implementing, operating,
enforcing, and evaluating HOV systems. Information is also
included on support facilities, services, policies, and pro-
grams. These elements are presented as a systematic process
to ensure the coordinated development of all elements of an
HOV system.

The second objective of the project was to identify and
recommend future research efforts related to HOV systems.
This aspect of the study examined the gaps and weaknesses
in current knowledge and identified critical issues that need
to be resolved to enhance the effectiveness of existing and
future HOV applications. The results of this analysis can be
used by the NCHRP, TRB, AASHTO, the Institute of Trans-
portation Engineers (ITE), and other groups. Accomplishing
this objective will provide for a multifaceted, ongoing HOV



systems research program that addresses critical issues to
advance the state of the practice.

SCOPE OF STUDY

This research study is comprised of two phases. The first
phase, which was documented in an interim report and in
Chapters 2 and 3 of this report, focused on assessing the
current knowledge and practice relating to all aspects of
HOYV systems and identifying gaps and weaknesses. These
objectives were accomplished through a review of available
technical reports, manuals, guidelines, and articles, and a
survey of HOV practitioners in North America. The results
of these activities are summarized in Chapter 2. The results
of the literature review and the surveys were then used to
identify the gaps and weaknesses in current knowledge and
practice related to all aspects of HOV systems. These gaps
and weaknesses are examined in Chapter 3.

The development of the HOV Systems Manual occurred in
the second phase of the research study. The major activities
completed in the development of the Manual are highlighted
in Chapter 4, which also contains the implementation plan
for transferring the Manual quickly into practice. This final
report and the HOV Systems Manual represent the comple-
tion of this research project.

RESEARCH APPROACH

The research approach in the first phase of this study
focused on four major activities. First, a state-of-the-art
literature review was conducted to obtain information on
current practices related to developing HOV policies, and
planning, designing, implementing, marketing, operating,
enforcing, and evaluating the various types of HOV facili-
ties. The research team used automated information retrieval
networks, on-line databases, and local contacts to obtain cur-
rent information on existing practices.

Second, a survey was conducted to obtain additional infor-
mation from representatives at state departments of trans-
portation (DOTs), transit agencies, rideshare organizations,
metropolitan planning organizations (MPOs), consulting
firms, federal agencies, local jurisdictions, and other groups.
Fifty completed surveys were returned and analyzed.

Third, the information obtained from the literature review
and the surveys was analyzed by the research team. Formal
guidelines and informal practices were identified, along with
common themes, concerns, and issues. The gaps and weak-
nesses in current knowledge and practice emerged from this
analysis.

Finally, the information obtained and analyzed in the
previous steps was used to develop the proposed format
and detailed outline for the manual, the guide for practi-
tioner involvement, the implementation plan, and the
revised Phase Two work plan and schedule. The draft out-
line provided in the proposal, which was initially devel-
oped by the TRB HOV Systems Committee, was used as
the starting point for the detailed HOV Systems Manual.
Additions and revisions were made in the draft outline,
however, based on the results of the literature review and
the survey of practitioners.

The interim report was reviewed by the NCHRP Project
Panel. Based on the positive response from the Panel,
NCHRP authorized the research team to proceed with the
second phase of the study. The comprehensive approach
used in the first phase established a sound base for the
Phase Two activities. The major activity during Phase Two
was the actual development of the HOV Systems Manual.
Additional information on some topics and projects was
obtained and analyzed for incorporation into the Manual.
Individual chapters were prepared and provided to the
NCHRP Panel and to individuals who had expressed inter-
est in assisting with the study. The chapters were revised
on the basis of the review comments, and the final draft
HOV Systems Manual was prepared for final review by the
NCHRP Panel.




CHAPTER 2
FINDINGS

STATE-OF-THE-ART LITERATURE REVIEW

This chapter documents the results of the state-of-the-art
literature review conducted as part of the first phase of the
research project. Automated information retrieval networks,
on-line databases, and local contacts of the research team
were all used to obtain current reports and documents on
guidelines, informal practices, and general knowledge relat-
ing to all aspects of HOV systems. Additional information
was also obtained through the survey results of practitioners
discussed later in this chapter. The results of the literature
review are presented in the following 10 general categories:

» HOV facility policy considerations;

» HOV facility planning;

« HOV facility design;

» HOV facility marketing;

+ HOV facility operations;

» HOV facility enforcement;

» HOV facility implementation;

« Support facilities, services, policies, and programs,;
« Environmental and air quality impacts; and

» HOV facility evaluation and research needs.

The focus of the literature review is on formal guidelines,
informal practices, and studies assessing the state of the prac-
tice and general knowledge related to these 10 categories.
Although reports on specific HOV feasibility studies, major
investment studies, and other related projects were exam-
ined, these did not constitute the major focus of the literature
review. The results of the literature review are summarized
next. Significant reports and documents are highlighted in
each of the 10 categories. A more extensive bibliography is
provided in Appendix A. The gaps and weaknesses in current
practice and knowledge are discussed in Chapter 3.

HOV Facility Policy Considerations

A few states have developed policies relating to HOV
facilities. The approaches used in four states are highlighted
in this section.

Arizona Department of Transportation, Maricopa
Association of Governments, and Regional Public Trans-
portation Authority—The High-Occupancy Vehicle Facil-
ities Policy Guidelines and Plan for the MAG Freeway Sys-
tem (14) was prepared for these three agencies. The first
phase of this project developed policies to guide HOV facil-
ities—including HOV lanes, exclusive freeway-to-freeway
ramps and freeway-to-arterial ramps, park-and-ride lots, and
bus stations—on the freeway system in the Phoenix area. The
HOV mission statement, HOV commitment statement, and
policies for roles and responsibilities were adopted by all
three agencies. The policies for roles and responsibilities
address the decision-making and coordination process, the
planning and programming process, implementation and
funding, the monitoring and evaluation process, marketing,
and preservation of capacity for HOV facilities. A second
phase of the study developed a recommended systemwide
HOV plan for the area.

Missouri Highway and Transportation Department—
The Policy on High-Occupancy Vehicle Facilities (15) pre-
sents a series of general guidelines for use in planning,
designing, and operating HOV facilities in Missouri. The
policies were developed by an HOV Task Force and were
adopted by senior management of the Missouri Highway
and Transportation Department (MHTD). The policies
establish general criteria relating to congestion, travel time,
impact on mixed-flow lanes, HOV volumes, person move-
ment, local support, enforcement, safety, cost, support
facilities and programs, environmental factors and bus ser-
vice to guide the consideration of HOV on freeways and
arterials.

New York State Department of Transportation
(NYSDOT)—The NYSDOT uses the guidelines contained
in the 1985 report, Proposed Warrants for High-Occupancy
Vehicle Treatments in New York State (16), for considering
HOV projects. The general guidelines focus on existing
traffic volumes, level of transit service, congestion, person-
movement, travel time savings, downtown conditions, and
other factors affecting the success of HOV treatments. These
general guidelines have been expanded and refined for use in
assessing the potential of site-specific HOV projects.



Washington State Department of Transportation—
The Washington State Freeway HOV System Policy (17)
outlines the objectives of the HOV system in the state and
provides policy guidelines relating to different elements of
the HOV system. Elements addressed in the policies include
minimum thresholds for HOV lanes, agency and mode coor-
dination, carpool definitions, hierarchy of HOV facility
development, hours of operation, enforcement, lane location
(inside vs. outside) and separation, general-purpose lane
conversion, HOV system performance, promotion, design
standards, land use coordination, and supporting programs,
services, and facilities.

HOYV Facility Planning
Overall Planning Documents

The following four documents provide a general overview
of planning for various types of HOV facilities. All four
reports include not only planning considerations, but also
cover the design and operation of HOV facilities.

California Department of Transportation (Caltrans)—
The High-Occupancy Vehicle Guidelines for Planning,
Designing, and Operations (6) provides a “how to” docu-
ment for planners, designers, and operators of mainlane
HOV facilities. It was developed in response to requests from
Caltrans Districts for guidelines to provide statewide consis-
tency and uniformity with HOV facilities. The section on
HOV planning includes Caltrans policies related to HOV
facilities, planning factors and criteria, demand modeling,
and regional system planning.

NCHRP—NCHRP Synthesis 185—Preferential Lane
Treatments for High-Occupancy Vehicles (12) provides a
summary of current planning practices for HOV facilities. It
describes the general conditions supporting consideration of
HOV projects, demand estimation procedures, and planning
criteria.

Parsons Brinckerhoff—High-Occupancy Vehicle Facili-
ties: A Planning, Design, and Operations Manual (13) starts
with a discussion of different planning techniques. A three-
step process is outlined focusing on examining the conceptual
viability of a facility, developing and analyzing alternatives,
and developing the recommended alternative. A number of
activities are included in each of these three steps to provide
an easy to use guide for examining HOV alternatives.

Texas Department of Transportation (TxDOT)—The
Revised Manual for Planning, Designing, and Operating
Transitway Facilities in Texas (7) provides general guide-
lines for planning HOV facilities in Texas. The section on
planning discusses identifying potential candidate freeway
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segments, locating HOV lanes, and demand estimation pro-
cedures. It also contains similar planning guidelines for sup-
porting facilities such as park-and-ride lots, park-and-pool
lots, and transit centers.

HOYV Demand Estimation

Techniques for estimating the demand for various types of
HOV facilities are included in the four documents noted pre-
viously. In addition, the following study is being conducted
for the Federal Highway Administration (FHWA) to develop
a better HOV demand estimation model.

FHWA—"Predicting the Demand for High-Occupancy
Vehicle Lanes” was a 2-year study sponsored by FHWA. The
project developed a methodology and a microcomputer soft-
ware model for analyzing HOV lane demand and operations.
A number of reports were prepared as part of the study, along
with the microcomputer software program (/8,19,20,21).

Area and Project-Specific Planning Studies

A number of studies and reports were identified during the
literature review that address regionwide HOV planning and
the planning and evaluating of HOV facilities on a specific
freeway or travel corridor. Documents from the Seattle area
(22,23,24), New Jersey (25), Denver (26), Dallas (27), and
Pittsburgh (28) represent a few examples of the types of plan-
ning studies being conducted throughout the country.

Most of these studies focus on HOV facilities on freeways.
A few examples of studies focusing on arterial street HOV
lanes and take-a-lane assessments were identified, however.
The arterial street HOV assessments in Snohomish County
and the Seattle area (29) and the Toronto area in Canada (30)
provide two examples. A general assessment of public atti-
tudes toward converting general-purpose lanes to HOV lanes
has been conducted in California (37) and more site-specific
analyses have been undertaken in the Seattle area (32,33).

HOV Facility Design
General HOV Design Guidelines

The following documents address the design requirements
of various types of HOV facilities.

AASHTO—The AASHTO Guide for the Design of
High-Occupancy Vehicle Facilities (10) focuses primarily
on design guidelines for new and improved HOV facilities.
The design features of different HOV treatments on free-
ways, in separate rights-of-way, and on arterial streets are
discussed. Design features addressed include design speeds,
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cross section widths, access, lane markings, control devices,
enforcement areas, and terminal facilities.

Caltrans—The High-Occupancy Vehicle Guidelines for
Planning, Designing, and Operations (6) contains a chapter
on the design of different types of HOV facilities. A set of
general design criteria are presented for various HOV appli-
cations and both preferred and acceptable geometric config-
urations are outlined.

Institute of Transportation Engineers (ITE)—The ITE
Design Features of High-Occupancy Vehicle Lanes (11) pro-
vides a review of available information on the elements and
criteria necessary for the safe and effective operation of HOV
facilities. The scope encompasses design elements and their
functions, and the criteria for the safe and effective operation
of high-speed HOV facilities. The document provides a sum-
mary of HOV lane design manuals, HOV lane designs, cur-
rent practices for both exclusive and concurrent flow HOV
lanes on freeways, existing HOV signing and pavement
markings, and priority entry ramp design considerations.

Ministry of Transportation, Ontario—Two HOV design
guides have been developed for the Ministry of Transporta-
tion in Ontario: Operational Design Guidelines for High-
Occupancy Vehicle Lanes on Arterial Roadways (34) pro-
vides an overview of HOV networks and strategic planning
and design guidelines for arterial HOV lanes. Design features
associated with different lane treatments, queue bypasses,
intersection treatments, signage, enforcement, and transit pro-
visions are addressed. Operational Design Guidelines for
High-Occupancy Vehicle Lanes on Ontario Freeways (35)
examines planning and operational issues, supporting HOV
priority programs, and presents freeway HOV design guide-
lines. Design features related to different types of lanes,
ingress and egress provisions, and other elements are outlined.

Parsons Brinckerhoff—The High-Occupancy Vehicle
Facilities: A Planning, Design, and Operations Manual (13)
includes an extensive section on HOV design considerations.
The section on HOV design includes typical cross sections
for different types of lanes and supporting facilities. It also
discusses signing and pavement markings, incident and
maintenance consideration, and design elements of enforce-
ment areas.

Regional Municipality of Ottawa-Carleton (O-C
Transpo)—The Transitway Design Manual (5) developed
by O-C Transpo outlines the design guidelines used for the
transitway system in Ottawa, Ontario. These guidelines
address bus-only facilities located in separate rights-of-ways,
as well as some elements related to arterial street applications
and support facilities.

TxDOT—The Revised Manual for Planning, Designing,
and Operating Transitway Facilities in Texas (7), includes a
major section on design criteria. Elements addressed include
alignments, gradients, clearances, cross section widths, and
special features of barrier-separated HOV lanes, exclusive
access ramps, park-and-ride lots, and transit centers.

Washington State Department of Transportation—
Design Manual—Section 1050, High-Occupancy Vehicle
Priority Treatment (8) addresses design features related to
different types of HOV lanes and supporting facilities.

Project-Specific Design Reports

As with the project-specific planning reports noted in the
previous section, studies examining alternative design treat-
ments and final design documents are available on HOV
projects throughout North America. Examples of design
reports completed by members of the research team and other
groups were examined during the literature review.

HOV Facility Marketing
General Marketing Guidelines

The following report prepared for FHWA provides over-
all directions for planning and implementing marketing pro-
grams with HOV facilities.

FHWA—The HOV Lane Marketing Manual (36) was
prepared by SYSTAN, Inc. in association with the Roanoke
Company and Pacific Rim Resources. This manual was
developed to provide marketing and HOV professionals with
practical guidelines for improving the public awareness,
understanding, acceptance and use of HOV lanes. The man-
ual discusses planning and implementing an HOV facility
marketing campaign, as well as monitoring and evaluating
both the HOV project and campaign. It also contains a num-
ber of case studies to illustrate the concepts discussed.

Project-Specific Marketing Program

A few reports are available describing HOV project-
specific marketing programs, and presentations have been
made at HOV conferences on different marketing efforts.
Marketing materials, including brochures, direct mail pieces,
newspaper advertisements, radio and television commer-
cials, and other promotional material are available on a num-
ber of projects.



HOV Facility Operations
General Operation and Guidelines

A few of the manuals described previously also address
operational considerations of HOV facilities. These are
briefly summarized next.

Caltrans—The High-Occupancy Vehicle Guidelines for
Planning, Designing, and Operations (6) provides a chapter
on HOV operations. The chapter summarizes the operating
characteristics of different types of HOV facilities, alterna-
tive operating hour scenarios, vehicle and vehicle occupancy
requirements, and incident management.

Parsons Brinckerhoff—Parson Brinckerhoff’s High-
Occupancy Vehicle Facilities: A Planning, Design, and
Operations Manual (13) includes a chapter on the operation
of various types of HOV facilities. Topics addressed include
operational objects and alternatives, vehicle and vehicle
occupancy requirements, hours of operation, enforcement,
incident management, and safety.

TxDOT—The Revised Manual for Planning, Designing,
and Operating Transitway Facilities in Texas (7) addresses
operational considerations in a separate chapter. The same
elements noted with the two previous documents are covered.

Issues and Project-Specific Reports

Studies have been conducted throughout the country on
specific topics and issues related to the operation of HOV
facilities. These include studies of safety concerns, motor-
cycle use of HOV lanes, and changing occupancy levels. A
few of the recent reports available on these topics are sum-
marized next.

California Polytechnic State University—The report,
High-Occupancy Vehicle Lane Safety (37), documents the
results of a study conducted in 1992 by California Poly-
technic State University for Caltrans. The study included a
cross-sectional comparison of freeway sections with HOV
lanes and similar freeway sections without HOV lanes in San
Diego, Orange County, Los Angeles, and San Francisco. A
disaggregate statistical analysis of recent accident data was
conducted, along with video assessments of traffic opera-
tions. The study concluded that “accident rates on freeways
with HOV lanes are sensitive to variations in traffic conges-
tion in much the same manner that accident rates are influ-
enced by congestion on non-HOV facilities . . . and no major
systematic differences in accidents’ lane locations or other
factors which could be attributed directly to the presence of
the HOV facility.” (37)
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Virginia Transportation Research Council—The Effect
of Motorcycle Travel on the Safety and Operations of HOV
Facilities in Virginia (38) was conducted by the Virginia
Transportation Research Council for the Virginia Depart-
ment of Transportation (VDot). The study found that motor-
cycles accounted for some 3 percent of the annual HOV lane
vehicles and that over a 2-year period only five motorcycle
crashes were reported on the eight facilities. As a result, the
study recommends that motorcycles be allowed to continue
to use the HOV lanes.

TxDOT and Texas Transportation Institute (TTI)—
The change in vehicle occupancy requirements on the Katy
Freeway (I-10 West) HOV lanes has been monitored and
evaluated over the years. This ongoing assessment has
included the examination of the variable time-of-day occu-
pancy requirement currently in effect (39).

University of Washington and TTI—The Washington
State DOT sponsored a study conducted by these two orga-
nizations to assess the change in the vehicle occupancy
requirement (from 3+ to 2+) on the I-5 North HOV lanes in
Seattle (40).

HOV Facility Enforcement
General Enforcement Guidelines

Three of the manuals described previously include sec-
tions or full chapters on enforcing HOV facilities. Other
guidelines highlight enforcement considerations in chapters
on planning, designing, and operating HOV facilities. The
following manuals provide the most extensive discussion of
enforcement issues.

Caltrans—The High-Occupancy Vehicle Guidelines for
Planning, Designing, and Operations (6) includes a chapter
on HOV enforcement. The chapter discusses the role of
enforcement, violation rates with different types of facilities,
alternative enforcement techniques, design elements, and
other enforcement considerations.

Parsons Brinckerhoff—High-Occupancy Vehicle Facil-
ities: A Planning, Design, and Operations Manual (13)
addresses enforcement in the chapters on planning, opera-
tions, and design. In the planning chapter, the need for early
involvement of enforcement personnel is noted and the
development of an enforcement plan is discussed. Opera-
tional and design considerations relating to enforcement are
included in the other two chapters.
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TxDOT-—The Revised Manual for Planning, Designing,
and Operating Transitway Facilities in Texas (7) also includes
a discussion of enforcement considerations relating to plan-
ning, designing, and operating HOV facilities.

Issues and Project-Specific Reports

Enforcement concerns related to HOV facilities have
been discussed at HOV conferences over the years and
studies have been undertaken of specific issues related
to enforcement. These include assessments of specific
enforcement efforts, such as the HERO program in Seattle
(41), as well as the use of advanced technologies to assist
with enforcement (42,43).

HOV Facility Implementation
General Guidelines

A few of the guidelines described above address various
aspects related to implementing HOV projects. The follow-
ing documents provide the best general discussion of imple-
mentation considerations.

Parsons Brinckerhoff—High-Occupancy Vehicle Facil-
ities: A Planning, Design, and Operations Manual (13)
includes a chapter on implementation. Topics covered briefly
in the chapter include the bidding process, scheduling and
managing traffic during construction, groups to involve in
the process, ongoing public awareness, and evaluating proj-
ect effectiveness.

Project-Specific Implementation Experience

The techniques used to implement five case study HOV
projects in Houston, Orange County, Seattle, Pittsburgh, and
Washington, D.C./Northern Virginia, are documented in the
TTI report, High Occupancy-Vehicle Project Case Studies:
History and Institution Arrangements (44), prepared as part
of the FTA-sponsored national assessment of HOV facilities.
Additional information on implementation of specific HOV
projects has been presented at TRB annual meeting sessions
and at HOV conferences over the years.

Support Facilities, Services,
Policies, and Programs

General Guidelines

Many of the general documents described thus far related
to planning, designing, and operating HOV facilities also

address support facilities, services, policies, and programs.
The following guidelines and reports address various aspects
of supporting facilities, services, policies, and programs
relating to HOV facilities in more detail.

AASHTO—The AASHTO Guide for the Design of Park-
and-Ride Facilities (45) addresses site selection and design
of park-and-ride facilities. Elements covered in the site selec-
tion process include defining the study area, and site selec-
tion criteria, techniques, and evaluation procedures. The
physical design elements of different types of park-and-ride
facilities are addressed, along with lighting, landscaping, and
other considerations. Operating and maintaining park-and-
ride lots are also addressed.

FHWA—Park-and-Ride Facilities—Guidelines for Plan-
ning, Design, and Operation (46) provides an overview of
park-and-ride facilities and contains specific chapters on
developing program goals and objectives, planning and
locating, designing, and implementing and operating park-
and-ride lots.

NCHRP—NCHRP Synthesis 213, “Effective Use of Park-
and-Ride Facilities” (47), provides an overview of planning,
locating, designing, and operating park-and-ride Jots. Addi-
tional supporting elements, such as HOV lanes, travel
demand management programs, land use and growth man-
agement techniques, and ITS are also covered.

Environmental and Air Quality Impacts

The following reports and articles highlight the recent dis-
cussion concerning the impacts of HOV facilities on the
environment and air quality. As discussed in more detail in
the next chapter, these are areas where more research is
needed to better understand the possible beneficial, as well as
negative, impacts of HOV facilities on the environment and
air quality.

Cambridge Systematics, Inc., COMSIS, and others—
Transportation Control Measure Information Documents
(48), was prepared for the Environmental Protection Agency
(EPA) by Cambridge Systematics, Inc.; COMSIS; Deakin,
Harvey, Skabardonis; K. T. Analytics, Inc.; and the Georgia
Institute of Technology in 1992. Information is provided on
16 categories of transportation control measures. HOV facil-
ities comprise one of the categories. Information on the trans-
portation, emissions, and air quality impacts of each category
is provided, along with estimates of capital and operating
expenses, requirements to achieve effective implementation,
and a bibliography.



The Chesapeake Bay Foundation—Rethinking High-
Occupancy Vehicle Facilities and the Public Interest (49),
questions the benefits of HOV lanes. The report suggests that
the construction of new HOV lanes, rather than the conver-
sion of an existing general-purpose lane to an HOV lane, may
actually have negative impacts on air quality and other envi-
ronmental elements.

Robert Johnston and Raju Ceerla—“The Effects of
New High-Occupancy Vehicle Lanes on Travel and Emis-
sions” (50), examines past modeling efforts and travel
demand simulations to demonstrate that new HOV lanes may
increase vehicle kilometers of travel and increase emissions
relative to other transit alternatives. Enhancements to the
travel demand modeling process are suggested to improve
the ability to estimate possible impacts.

Rajendra Jain—The article, “Transportation and the
Environment—HOV Experience in Connecticut” (51),
examines the anticipated impact on air quality and other
environmental factors from HOV lanes in the Hartford area.
It notes that beneficial reductions in volatile organic com-
pounds (VOCs) and nitrogen oxides (NO,) are anticipated
from reduced vehicle dwell times in congested traffic.

Modeling Techniques for Estimating Air Quality
and Environmental Impacts

Although several cautions are given throughout the liter-
ature with regard to the accuracy one should expect with the
current modeling techniques, several modeling techniques
are available for use in estimating the air quality and envi-
ronmental impacts of HOV facilities. The most common
approaches use macroscopic (e.g., FREQ11) or micro-
scopic (e.g., NETSIM, FRESIM) models for analyses. Such
models allow analyses of fuel consumption and emission
rates based upon different geometric conditions and travel
volumes that would be experienced with various alterna-
tives, including HOV lanes. These and other techniques
have been used with specific HOV projects. Information on
the use of these techniques has been presented at TRB
annual meeting sessions, HOV conferences, and other
workshops.

NCHRP Project 25-11, “Development of a Modal-
Emissions Model,” which is being conducted by the Univer-
sity of California at Riverside, is developing a more accurate
emissions model that is sensitive to cruise, acceleration, decel-
eration, and idle conditioning. A useable modal-emissions
model is expected to be available by mid- to late-1998.
Related work is also underway at the Georgia Technical
Institute sponsored by the EPA.
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HOV Facility Evaluation and Research Needs
Evaluating HOV Projects

The following report, prepared for the FTA, provides
general guidelines for evaluating the effectiveness of HOV
facilities.

FTA-—The report, Suggested Procedures for Evaluating
HOV Lanes (52), was prepared by TTI as part of the 3-year
assessment of HOV projects in North America funded by
FTA through TxDOT. The report presents the results of the
state-of-the-art review of evaluation practices used with
HOV lane projects in North America. The review considers
HOV projects on both freeways and separate rights-of-way.
The report presents a set of suggested objectives for HOV
facilities and procedures for before-and-after evaluations of
freeway HOV facilities and ongoing monitoring activities.
These include specific evaluation measures, measurement
techniques, and data collection methodologies.

Project-Specific Evaluations

A number of before-and-after evaluations have been con-
ducted of HOV projects in North America. Many of these
were examined as a part of the previously noted study and are
included in the referenced report. Examples of the more com-
prehensive assessments are highlighted next.

Houston—An extensive program for monitoring and
evaluating the HOV lane system in Houston has been under-
way for a number of years. The evaluation program is spon-
sored by TxDOT, in cooperation with Houston METRO, and
conducted by TTI. The Houston program represents the most
comprehensive, continuous HOV monitoring effort in the
country. Vehicle and occupancy counts, park-and-ride lot
usage, travel times, user and non-user surveys, accidents
data, and violations data are collected and analyzed on areg-
ular basis. Annual reports have been prepared documenting
the results of the evaluation (39).

Minneapolis—A comprehensive assessment has been
conducted on the I-394 HOV facility in Minneapolis. The
multiyear evaluation was sponsored by the Minnesota DOT
and conducted by SRF, Inc. The evaluation covered the
period from 1984 to 1995. Information was collected before
construction started, during the interim operation, and after
completion of the full facilities. The final report covers all
three time periods (53).

Seattle—A number of evaluations have been conducted
on the HOV facilities in Seattle. These include ongoing
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monitoring efforts (54) and special studies (40). The various
reports provide a good database on the use and impact of the
HOV lanes in the area.

Washington, D.C./Northern Virginia—Periodic studies
have also been conducted on the HOV lanes in Washington,
D.C. and Northern Virginia. For example, a monitoring and
evaluation program was conducted of the Shirley Highway
HOV lanes during the first years of operation (55). Other
studies have also been conducted to assess changes in oper-
ating hours and vehicle occupancy requirements (56).

Research Needs

TRB HOV Systems Committee—The TRB HOV Sys-
tems Committee developed the Program of Research for
HOV Systems (57) in 1994 and 1995. The program recom-
mends 18 separate, but interrelated and coordinated, research
studies to address identified deficiencies in planning, design-
ing, operating, and enforcing HOV facilities. The research
being conducted in this study, and the development of an
HOV Systems Manual, was one of the initial studies recom-
mended in the program. Other research needs identified in
the document are also being addressed. These include the
marketing manual, the HOV demand estimation study, and
the training courses described previously. All of these proj-
ects are sponsored by FHWA.

Other research needs related to planning and design identi-
fied in the program focus on analyzing the air quality impacts
of HOV facilities, assessing actual versus perceived travel
time savings, examining key factors for successful HOV proj-
ects, developing guidelines for lane conversion projects, and
addressing specific design concerns. Operation and enforce-
ment research topics focus on effective enforcement proce-
dures, eligibility and operational definitions, and the safety of
various HOV treatments. Arterial street research topics
include assessing the various types of projects and develop-
ing appropriate monitoring and evaluation techniques.

The TRB HOV Systems Committee continues to monitor
and update the research program. A number of new topics
have been identified by the committee and other groups for
inclusion. As discussed more extensively in the next chapter,
these include issues related to lane conversion, congestion
pricing with HOV facilities, ITS, innovative financing, and
other operational concerns.

SURVEY OF PRACTITIONERS
A mail and telephone survey was conducted as part of the

first phase of this project. The survey was designed to meet a
number of objectives. These included obtaining updated

information on HOV projects; current practices relating to
developing policies, planning, designing, marketing, imple-
menting, operating, enforcing and evaluating HOV facilities;
critical issues; gaps and weaknesses in current knowledge;
and areas for additional research. The survey was also used to
help identify additional items for inclusion in the manual and
interest in participating in the practitioner review process.

Survey Methodology

The survey was conducted to obtain information from
practitioners in North America responsible for various
aspects of HOV facilities. A draft survey was developed by
members of the research team and provided to the NCHRP
panel for review. The survey was finalized on the basis of the
comments from the panel and approval from NCHRP staff.

A copy of the survey form is provided in Appendix B. The
survey was mailed to approximately 180 representatives in
state DOTs, transit agencies, MPOs, federal agencies, cities
and counties, consulting firms, and other groups. A number
of sources were used to identify individuals for the surveys.
These included the TRB HOV Systems Committee and
Friends of the Committee listing, the mailing list for the
HOV Marketing Manual, and contacts of the research team
members. In some cases, multiple surveys were sent to one
organization. For example, 38 individuals from 11 state
departments of transportation and transit agencies received
SUIveys.

The surveys were mailed in early November 1995. Indi-
viduals were given the option of completing and returning
the survey or providing the information over the telephone.
Most people elected to return completed surveys, but some
information was taken over the telephone. TTI researchers
also made follow-up calls to individuals who did not respond
to the initial request.

A total of 50 surveys were completed. The return rate
represents approximately 40 percent of the agencies or
groups included in the survey. The agencies and groups rep-
resented by the completed surveys are identified in Table 1.
Appendix C provides a listing of the individuals respond-
ing to the surveys. The survey results are summarized in the
next section and analyzed in more detail in Chapter 3.

Survey Results
Guidelines

Individuals were asked to identify formal guidelines, as
well as informal guidelines or practices, in use in their
areas related to HOV facilities on freeways, in separate
rights-of-way, and on arterial streets. Table 2 provides a



TABLE 1 Survey Respondents
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Agency/Organization Number Percentage
State DOT 20 40%
Transit 19 38%
City/County 4 8%
MPO 2 4%
FHWA/FTA 1 2%
Consulting Firm 2 4%
Toll/Turnpike 1 2%
Environmental 1 2%
Total 50 100%

summary of the topics covered by these current formal and
informal guidelines on freeways and in separate rights-of-
way. Table 3 presents similar information for arterial street
HOV facilities.

The information highlighted in these tables indicates that
agencies are more likely to use formal and informal guide-
lines with HOV facilities on freeways and in separate rights-
of-way than with those on arterial streets. Formal design
guidelines were most frequently noted by respondents, fol-

lowed by signing and pavement markings and enforcement
practices and provisions. Other topics covered by formal
guidelines, noted by at least 10 respondents, included plan-
ning, public involvement, funding and financing, operations,
incident management, support facilities, and energy and air
quality impacts. Although these topics are also covered by
informal practices, a number of other subjects are addressed
by informal guidelines. The informal practices noted by
at least 10 respondents focused on policy considerations,

TABLE 2 Formal and informal guidelines related to HOV lanes on freeways and

in separate rights-of-way

Topic Ff)rm.al Mo@
Guidelines | Practices
« HOV policy considerations 15 12
* Planning 11 16
 Public involvement 14 10
¢ Demand estimation 9 15
o Funding/financing 12 11
¢ Design 24 7
» Converting general-purpose lanes to HOV lanes 8 10
+ Congestion pricing on HOV lanes 6
+ Managing demand-vehicle occupancy levels 9 14
+ Hours of operation 10 16
* Marketing 5 15
¢ Operations 10 11
¢ Incident management 16 9
+ Signing and pavement markings 21 6
» Enforcement practices and provisions 17 10
» Support facilities (park-and-ride lots, transit centers, etc.) 12 15
« Transit services 7 10
« TDM 7 10
+ ITS 6 7
» Energy and air quality impacts 13 6
¢ Other environmental impacts 10 6
* Evaluation 7 17
» Research 4 13
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TABLE 3 TFormal and informal guidelines related to arterial street HOV lanes

Topic Ff)mfal Inforx'nal
Guidelines | Practices
« HOV policy considerations 6 8
¢ Planning 5 6
+ Public involvement 4 6
¢ Demand estimation 5 4
¢ Punding/financing 5 5
¢ Design 9 2
«_Converting general-purpose lanes to HOV lanes 3 2
+ Congestion pricing on HOV lanes 1 3
» Managing demand-vehicle occupancy levels 2 4
« Hours of operation 2 4
e Marketing 2 3
+ Operations 3 3
¢ Incident management 1 3
* Signing and pavement markings 8 2
+ Enforcement practices and provisions 4 3
« Support facilities (park-and-ride lots, transit centers, etc.) 2 3
« Transit services - 2 4
« TDM 2 2
« ITS 1 1
* Energy and air quality impacts 3 3
+ Other environmental impacts 2 4
« Evaluation 3 4
* Research 2 4

planning, demand estimation, funding and financing, man-
aging demand, operating hours, marketing, support facilities,
and evaluations.

As shown in Table 3, fewer formal guidelines and infor-
mal practices are in use with arterial street HOV facilities.
Only 12 respondents indicated the use of either formal guide-
lines or informal practices related to arterial street HOV
facilities. Guidelines addressing design requirements and
signing and pavement markings on arterial street HOV lanes
were most frequently noted by respondents, while HOV pol-
icy considerations, planning, and public involvement were
the most commonly reported informal practices. Five transit
agency representatives reported arterial street guidelines,
compared to three state departments of transportation staff
members, and two representatives from local communities.
The other two individuals noting arterial street guidelines
were from FHWA and an environmental group.

Issues and Concerns

Respondents were provided with two opportunities to
identify the major issues and concerns related to HOV facil-
ities in their area. First, the same list of topics presented in

previous questions were repeated, and individuals were
asked to identify those representing major problems or con-
cerns in their areas. An open-ended follow-up question
requested information on the top new or ongoing concerns in
their area.

Table 4 summarizes the responses to the first question. As
shown in the table, issues were more frequently identified
with HOV lanes on freeways and in separate rights-of-way
than with those on arterial streets. The top three concerns
cited with HOV lanes on freeways and in separate rights-of-
way were converting general-purpose lanes to HOV lanes,
congestion pricing on HOV lanes, and enforcement practices
and provisions. Other issues identified related to policy
considerations, planning, public involvement, demand esti-
mation, funding and financing, design, managing demand,
marketing, transit services, and evaluations.

Fewer respondents identified major concerns associated
with arterial street HOV applications. Issues identified by at
least five respondents included HOV policy considerations,
demand estimation, converting general-purpose lanes to
HOV lanes, hours of operation, signing and pavement mark-
ings, enforcement practices and provisions, energy and air
quality impacts, evaluation, and research.
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TABLE 4 Major issues and concerns
Issues/Concerns
Topic Freeway and Arterial
Separate Street
Right-of-Way

« HOV policy considerations 14 8
* Planning 15 6
¢ Public involvement 12 6
¢ Demand estimation 16 7
¢ Funding/financing 13 5
¢ Design 15 5
» Converting general-purpose lanes to HOV lanes 19 8
« Congestion pricing on HOV lanes 17 6
» Managing demand-vehicle occupancy levels 15 5
« Hours of operation 13 6
¢ Marketing 14 5
« Operations 11 4
¢ Incident management 10 3
« Signing and pavement markings 11 7
« Enforcement practices and provisions 20 8
» Support facilities (park-and-ride lots, transit centers, etc.) 12 5
« Transit services 14 5
-« TDM 10 4
« ITS 11 4
« Energy and air quality impacts 13 7
¢ Other environmental impacts 9 5
* Evaluation 13 6
» Research 9 6

A wide range of issues and concerns were identified by
survey respondents in the open ended question. Table 5 iden-
tifies the general nature of the issues noted most frequently.
Enforcement, low utilization levels, converting general pur-
pose lanes to HOV lanes, and funding were noted by at least
six respondents. A complete listing of the survey comments
is provided in Appendix D.

Respondents were also asked to identify any actions in
their area that may positively or negatively affect the viabil-
ity and desirability of HOV systems. As shown in Table 6, a
mix of positive and negative factors were noted by the
respondents. Positive factors included major corridor or
facility studies, good coordination and cooperation among
agencies, and regional transportation plans with significant

TABLE 5 Top issues and concerns identified by respondents

Issue

Number

Concern over low utilization levels
Funding

Safety issues
Marketing

Enforcement problems/lack of enforcement
Converting general purpose lanes to HOV lanes
2+ vs. 3+ occupancy requirements/managing demand

Opposition to HOV facilities/lack of political and public acceptance

[ S I N NEES SEE I LI o]
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TABLE 6 Actions affecting the viability and desirability of HOV
systems

Positive Actions’ Negative Actions

Corridor or facility studies underway
that include consideration of HOV
alternatives. (8) .

Lack of funding. (5)
Enforcement problems. (3)

Good coordination and cooperation .
among agencies. (4)

Lack of political support. (2)

« Lack of public acceptance, especially
by drivers in general-purpose lanes.

@

State departments of transportation
not interested in HOV.

Regional transportation plans include
significant HOV component. (4)

New local tax supporting transit
approved.

Increasing congestion in area. Local transit agency not interested in
HOV.

Joint marking program underway.
Lack of coordination among agencies.
Business and private sector involved
in promoting ridesharing, transit, and | «
other strategies.

Environmentalists do not support
HOV facilities.

Phasing construction contracts to
ensure operable HOV segments.

Air quality questions related to HOV
facilities.
Local congestion pricing study. ¢ No plan at state level.

Changes in state law allowing HOV
toll proposals.

LRT is emphasis in area.

Action to reduce employer rideshare
Toll/HOV demonstration project built programs.
and operated by private sector
« Planning to allow SOV use of HOV

lanes during off-peak.

Legislation proposed to allow
alternative fuel vehicles to use HOV
lanes.

! Number of responses indicating same general concern is shown in the parenthesis.

TABLE 7

Other items to be addressed in the HOV Systems Manual

Economic evaluation of HOV including time and cost of assembling HOV riders.

Planning consistency with area transportation networks and analysis of land use
impacts.

Political impact on HOV system decision making and operations.
Key elements to include in HOV feasibility analysis.

Interagency partnerships to implement HOV systems.
Identifying congestion levels which require HOV systerns.
Comprehensive approach to speeding buses through congestion.

How park-and-ride facilities can be served by bicycles and walking to reduce
pollution. )

Elements to be included in analyzing alternative types of HOV facilities.
Use of HOV facilities in incident management and inclement weather.
Signing needs for changes in vehicle occupancy requirements on a facility.
How is enforcement funded? What are options and experiences?

HOV treatments on urban interstate with constrained widths and on
circurnferential highways.
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TABLE 8 Participation in development of HOV Systems Manual

Activity Number
Review draft outline 20
Review specific chapters 20
Review implementation plan 17
Participate in telephone conference calls 11
Participate in video conference 5
Participate in training session or other implementation activities 14
Communicate by on-time techniques such as e-mail 9

HOV components. The most frequently noted negative fac-
tors focused on inadequate funding levels, lack of political
support and public acceptance, and enforcement concerns.

HOV Systems Manual Elements

Information was also obtained on additional elements to
be included in the HOV Systems Manual. The elements iden-
tified by the survey respondents are highlighted in Table 7.
This information was used to help identify gaps and weak-
nesses in current practice and was incorporated into the
detailed outline for the HOV manual.

Involvement in Development
of the HOV Systems Manual

Survey respondents were asked if they would like to
participate in the development of the HOV Systems Man-
ual. Seven options for participation were noted. These
ranged from reviewing the draft outline and draft chapters,
to participating in conference calls, video conferences,
and training sessions. As noted in Table 8, many individ-
uals indicated an interest in assisting with the develop-
ment of the HOV Systems Manual. The most interest was
shown in reviewing the draft outline, chapters, and imple-
mentation plan.
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CHAPTER 3

INTERPRETATION, APPRAISAL, APPLICATIONS

INTRODUCTION

This chapter presents a more detailed analysis of the gaps
and weaknesses in current practice and knowledge relating to
the various aspects of HOV facilities identified in the first
phase of the project. The results from the literature review
and the practitioner survey were used to help identify unre-
solved issues associated with HOV systems. The HOV
research program, developed by the TRB HOV Systems
Committee and input from other groups, was also used in this
effort. The gaps and weaknesses in current practice and
knowledge are presented according to the same 10 general
categories used in the literature review.

HOV Facility Policy Considerations

The survey results indicate that many state DOTs, transit
agencies, MPOs, and other agencies have formal policies or
informal practices related to HOV facilities on freeways
and in separate rights-of-way. Fourteen respondents re-
ported formal HOV policies, while 11 indicated the exis-
tence of informal practices. Fewer agencies appear to have
formal or informal polices addressing arterial street HOV
facilities. Only four respondents reported formal policies
for arterial HOV applications, while seven noted informal
practices.

The literature review identified examples of state DOT
policies related to HOV facilities. These vary in scope and in
level of detail, however. Although the survey results and the
literature review indicate that many agencies have policies to
help guide planning, designing, and operating HOV projects,
policy considerations were still identified as a major issue or
concern by almost half of the survey respondents. The fol-
lowing represent some of the major gaps and weaknesses
relating to HOV policy considerations.

» Coordinating policies of various agencies at the local,
state, and federal levels;

» Coordinating policies among different metropolitan
areas;

» Lack of specific policies and guidelines relating to
— vehicle-occupancy levels,
— changing vehicle occupancy to manage demand,

— congestion pricing on HOV lanes,
— innovative funding strategies, and
— arterial street applications and systemwide planning;

+ Building public support for HOV facilities;

+ Building political support for HOV facilities;

« Identification of supporting policies to enhance HOV
operations and strategies to promote their adoption and
use by appropriate agencies;

+ Coordinating parking policies with HOV policies;

» Converting a general-purpose lane to an HOV lane;

» Building support for HOV facilities among environ-
mental groups; and

+ Approaches for implementing HOV lanes involving
multiple jurisdictions.

HOV Facility Planning

The various planning guidelines and documents currently
available appear to be adequately used by practitioners. The
survey responses indicate that the AASHTO guidelines, the
Parsons Brinckerhoff manual, the Caltrans and TxDOT man-
uals, and other local documents are used to guide HOV plan-
ning. The results of the literature review and survey suggest
that while these guides adequately address most of the basic
planning elements, some important topics are not currently
covered. The following gaps and weaknesses related to HOV
facility planning have been identified.

» Enhanced HOV demand estimation techniques for both
short-range and long-range use of HOV facilities. The cur-
rent FHW A-sponsored research project may address this
need but further analysis may be sought because this issue
was noted as an important one by survey respondents.
Planning techniques for arterial street HOV applications.
Planning techniques for converting a general-purpose
lane to an HOV lane.

Planning techniques for estimating air quality and envi-
ronmental impacts of HOV facilities.

Planning techniques for analyzing congestion pricing
alternatives on HOV facilities.

Planning techniques to estimate the impacts and changes
in vehicle-occupancy requirements.

Planning techniques for estimating new HOV users.



» Planning techniques for developing regionwide HOV
systems.

« Planning techniques for identifying the maximum capac-
ity of an HOV facility.

+ Planning techniques for enhancing the interaction of
HOV and rail facilities in the same corridor.

HOV Facility Design

Approximately one-half of the survey respondents
reported the use of formal design guidelines for HOV facili-
ties on freeways and in separate rights-of-way, while six
individuals noted the use of informal design practices.
Although only eight respondents reported formal arterial
street design guidelines, this was still the highest response on
the arterial question. Although these responses indicate that
the current design guidelines are adequately used, a number
of design issues and concerns were raised by practitioners.
The following areas for improvements and additions were
noted by respondents and identified as gaps through the lit-
erature review.

« Identification of preferred or desirable design standards
for all types of HOV facilities,

+ Identification of reduced design standards for all types
of HOV facilities when the preferred standards cannot
be met,

« Identification of safety impacts of various design features,

« Identification of enforcement design needs and treat-
ments,

» Identification of design considerations related to part-
time versus full-time HOV lanes,

» Identification of design considerations related to con-
verting a general-purpose lane to an HOV lane,

« Identification of alternative approaches for phasing HOV
facility designs, and

» Standardizing HOV facility signing and pavement
markings.

HOV Facility Marketing

Informal marketing practices were reported by 15 practi-
tioners, while five noted the use of formal marking guidelines.
The HOV Lane Marketing Manual (36) developed for FHWA
appears to have wide distribution and use. Marketing issues
were still noted by 13 respondents, however, with most con-
cerns relating to building public acceptance for HOV facili-
ties. The following areas were identified through the literature
review and the practitioner survey for further attention.

+ Identification of techniques to build public acceptance
for HOV facilities;

» Identification of techniques to build political acceptance
for HOV facilities;
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+ Identification of funding for marketing programs—
identification of available programs and the use of inno-
vative approaches;

» Identification of marketing techniques and approaches
for converting a general-purpose lane to an HOV lane;

« Identification of marketing techniques for changing
vehicle-occupancy requirements to meet increasing
demand facilities;

» Identification of marketing techniques for facilities with
various occupancy requirements by time of day or lane
segment;

« Identification of marketing techniques for visitors,
tourists, and part-time HOV lane users; and

+ Identification of marketing the benefits of HOV lanes to
nON-users.

HOV Facility Operations

Ten respondents indicated the use of formal guidelines for
operating HOV facilities on freeways or in separate rights-
of-way in their areas, while nine reported informal practices.
Available documents cover most aspects associated with
HOV operations, although some topics may be discussed
only briefly. The following gaps and weaknesses related to
HOV facility operations were identified by the survey re-
spondents and through the literature review.

* Analysis of safety impacts of various types of HOV
facilities and design treatments;

* Identification of techniques to manage demand on HOV
facilities and how to increase vehicle-occupancy levels
when needed;

» Development of incident management strategies—both
on HOV facilities and by using HOV lanes to help man-
age incidents on the adjacent freeway or street;

« Identification of approaches for integrating HOV facili-
ties with advance traffic management systems (ATMS)
and other ITS technology;

« Identification of techniques for linking freeway and arte-
rial street HOV operations;

» Identification of the operational issues associated with
converting a general-purpose lane to an HOV lane;

« Analysis of alternative hours of operation;

+ Identification of approaches to address the empty lane
syndrome; and

« Identification of the experience with congestion pricing
projects on HOV facilities and the operational issues
associated with these programs.

HOV Facility Enforcement

Enforcement issues are addressed in the currently available
HOV manuals. The use of formal enforcement guidelines on
freeway HOV lanes and those in separate rights-of-way were
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reported by 16 of the survey respondents, while nine noted
informal practices. Issues related to enforcement practices and
provisions were the most frequently noted concerns by survey
respondents. The following enforcement gaps and weaknesses
were identified in phase one of this research study.

* Analysis of the use of advanced technologies to enhance
HOV facility enforcement and identification of appro-
priate applications;

* Identification of approaches to build good working rela-
tionships among law enforcement agencies and the
court system to help ensure HOV lane violations will be
pursued,;

* Identification of alternatives for funding enforcement
programs, including assessing federal programs avail-
able to support enforcement and innovative funding
approaches;

» Identification of approaches to deal with frequent HOV
lane abuse;

* Analyzing the effectiveness of self-enforcement pro-
grams like the HERO program;

» Analyzing approaches to remote enforcement and ticket-
by-mail programs; and

* Identification of innovative enforcement techniques;

HOV Facility Implementation

Factors associated with implementing HOV facilities are
not adequately addressed in most of the current guidelines
and manuals. A number of the issues raised by practitioners
in the survey related to implementing different types of HOV
facilities. The following gaps and weaknesses in current
practice and knowledge were identified by the survey respon-
dents and through the literature review.

* Identification of techniques to enhance agency coordi-
nation during implementation,

¢ Identification of techniques to phase HOV lane imple-
mentation so that meaningful segments are opened,

* Identification of techniques to prevent the empty lane
syndrome during the initial phases of a project,

* Identification of techniques to manage traffic during
construction,

* Identification of innovative contracting techniques, and

» Identification of techniques to implement general-
purpose lane conversions.

Support Facilities, Services,
Policies, and Programs

As discussed in the literature review, a number of guide-
lines and reports address various support facilities, services,
policies, and programs. Park-and-ride lots and transit ser-
vices are the most frequently discussed supporting services.

For example, design guidelines for park-and-ride lots are
included in existing HOV and park-and-ride facility manu-
als. Eleven of the practitioners responding to the survey
reported the use of formal guidelines for supporting compo-
nents, while 14 indicated informal practices. Fewer respon-
dents identified the use of formal guidelines or informal
practices related to transit services and travel demand man-
agement (TDM) programs. The following gaps and weak-
nesses associated with supporting elements were identified
from the literature review and surveys.

* Developing enhanced techniques to locate and size
park-and-ride lots;

* Analyzing techniques for comparing rail transit with
HOV facilities;

* Identification of approaches to maximize the interaction
between rail and HOV facilities in the same corridor;

* Identification of funding alternatives for transit and TDM
including the use of federal, state, and local sources and
innovative funding techniques;

» Identification of innovative techniques to encourage
greater use of buses, carpools, and vanpools;

* Developing innovative transit services;

* Documenting the experience with different TDM pro-
grams to help identify the most effective strategies;

» Identification of techniques and approaches for obtain-

ing support from local jurisdictions; and

Identification of techniques and approaches for encour-

aging private sector support of HOV use by employees.

Environmental and Air Quality Impacts

The literature review and the survey results indicate that a
consensus does not exist concerning the air quality and envi-
ronmental impacts associated with HOV facilities. Many
environmental groups argue that HOV facilities have a neg-
ative impact on air quality and vehicle emission levels. Other
analyses indicate positive air quality affects. A comprehen-
sive assessment of these issues is needed to address these
concerns. Furthermore, adequate techniques are lacking to
assist transportation professionals in analyzing the effects of
HOV projects on air quality levels. The current studies being
sponsored by the FHWA, EPA, and other groups may help
address the need for better modeling techniques. The fol-
lowing gaps and weaknesses related to air quality and envi-
ronmental impacts of HOV facilities have been identified.

» Assessing the impact of HOV lanes on air quality,
vehicle emissions, and other environmental elements;

e Developing better techniques for estimating the air
quality, energy, and environmental impacts of HOV
facilities;

* Assessing the impact of HOV lanes on land use and
urban sprawl; and



» Identification of techniques and methods for building
support for HOV facilities among environmental groups.

HOV Facility Evaluations and Research Needs

Many of the gaps and weaknesses discussed in the previ-
ous sections represent ongoing research needs. The lack of
continuing evaluations of HOV facilities has restricted the
ability to adequately respond to many of the issues raised
regarding HOV facilities. The Program of Research for HOV
Systems (57), developed by the TRB HOV Systems Com-
mittee, provides additional direction on needed research
studies.

A number of research needs were identified during the
development of the HOV Systems Manual. These needs were
used to develop a multifaceted HOV system research pro-
gram. Problem statements were developed on the key research
needs. These problem statements can be used to initiate a
comprehensive ongoing HOV research program that is
responsive to the needs of public agencies, policy makers, pri-
vate consulting firms, and other groups. It builds on the efforts
initiated by the TRB HOV Systems Committee. This Com-
mittee would be a logical group to finalize an updated research
program and to help oversee the ongoing research studies.

Numerous opportunities exist to advance the research
needs identified in the development of the HOV Systems
Manual. Potential funding sources for these research projects
include the FHWA, FTA, EPA, NCHRP, TCRP, national
organizations, state DOTs, transit agencies, MPOs, consul-
tants, and other groups.

The TRB HOV Committee or other groups could expand
these preliminary research needs into more detailed problem
statements for consideration by potential funding sources.
The Committee could also provide ongoing assistance to
monitor the status of research projects, help transfer study
results into practice, and update the research agenda to reflect
current needs and issues.

The research needs identified for each topic area are not
presented in any type of priority order. Nor have priorities
been established across topic areas. These steps could be
undertaken by the TRB HOV Systems Committee or other
groups.

Two multifaceted research problem statements focusing
on priority pricing with HOV lanes and converting a general-
purpose lane to an HOV lane are suggested. These research
projects, which are highlighted below, consolidate the issues
identified during the development of the Manual. Both of
these topics are currently of significant interest to a wide
range of groups and consolidating them into two compre-
hensive studies represents a logical approach.

Planning, Implementing, Operating, and Evaluating
Priority Pricing Projects. Priority pricing, high-occupancy
toll (HOT) lanes, and other related approaches are being con-
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sidered and implemented with HOV facilities in some areas.
Given the limited experience with these types of projects,
additional research related to policies, planning, designing,
implementing, marketing, operating, enforcing, and evaluat-
ing these types of projects is needed. This project proposal
here would provide a comprehensive research study on all
these issues. Planning elements would include an assessment
of demand estimation techniques, pricing elasticities, and
factors that may influence public and political acceptance.
Issues to be examined include electronic and manual oper-
ational approaches, special design and operational needs,
enforcement techniques, and public information and market-
ing. The study would examine the experience with existing
projects and would develop a national database. Updated
information on all these topic areas could be incorporated
into future updates of the HOV Systems Manual.

Planning, Implementing, Operating, and Evaluating
the Conversion of a General-Purpose Lane to an HOV
Lane. A second multifaceted research project is suggested
focusing on converting a general-purpose lane to an HOV
lane. The experience to date with this approach is both lim-
ited and mixed. This study would examine the range of
potential issues with lane conversion projects. Topics to be
addressed include planning and demand estimation tech-
niques, the conditions and factors which appear necessary
for public and political support, methods to estimate poten-
tial impacts on the remaining general-purpose lanes, en-
forcement issues, special design considerations, and effec-
tive public information and marketing techniques. The study
would also provide a comprehensive assessment of past and
current lane conversion projects and would develop a
national database on these types of facilities. The results of
the project could be incorporated into future updates of the
HOV Systems Manual.

Policy Considerations with HOV Facilities

Additional research is needed on a number of topics
related to policy considerations with HOV facilities. The fol-
lowing research statements provide an indication of the
major areas for further research to assess the impact of vari-
ous policies, to explore techniques to enhance coordination
among policies at different governmental levels, and to
explore techniques to build support for HOV facilities.

Assess the Effectiveness of Policies Relating to HOV
Facilities. As identified in the Manual, states, MPOs, and
cities are adopting policies relating to HOV facilities. While
examples of these policies were examined during the devel-
opment of the Manual, additional research is needed to eval-
uate the effectiveness of different goals, policies, and objec-
tives. This research study would provide a comprehensive
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inventory of HOV policy directives currently in use at the
federal, state, regional, and local levels. The effectiveness
of various policies and approaches would also be examined.
Guidelines would be outlined on the development and
implementation of effective HOV policies for all levels
of government. The study would also identify techniques
to encourage the adoption and use of these policies by
the appropriate agencies and groups. Policies related to the
following elements and other issues would be examined:
vehicle-occupancy levels, changing vehicle occupancy to
manage demand, congestion pricing on HOV lanes, inno-
vative funding strategies, arterial street applications, and
systemwide planning

Assess Techniques to Enhance the Coordination of
Policies Relating to HOV Facilities and Supporting Com-
ponents. In many metropolitan areas, policies related to var-
ious aspects of the transportation system are not coordinated.
For example, parking policies may encourage commuters to
drive alone through the provision of convenient and inex-
pensive parking. Research is needed to examine the relation-
ships among policies associated with parking, transit fares
and services, HOV facilities, TDM strategies, and other ele-
ments of the transportation system. The research would help
identify those policies, and the packaging of coordinated
policies, that best maximize the use of all HOV modes.

Assess Coordination of HOV-Related Policies Among
Different Metropolitan Areas. As identified in the Manual,
the extent, nature, and scope of policies related to HOV facil-
ities and other supporting elements varies widely by state and
by metropolitan area. Research is needed to determine the
potential for greater coordination among states and metro-
politan areas and the benefits of enhanced coordination. This
research project would explore the advantages and disad-
vantages of coordinating HOV-related policies among dif-
ferent areas, the feasibility of improving coordination, and
approaches to facilitate enhancing coordination.

Planning HOV Facilities

The development of the HOV Systems Manual identified a
number of areas where additional research is needed to
advance the state-of-the-practice related to planning HOV
facilities. As addressed below, additional research on esti-
mating the demand for various types of HOV facilities, fore-
casting the environmental impacts of HOV projects, and
developing planning techniques for special conditions, such
as priority pricing and converting a general-purpose lane, are
especially critical.

Enhanced HOV Demand Estimation Techniques.
Although the previously noted FHWA-sponsored study
developed a sketch planning tool for estimating the potential

demand for an HOV facility, additional research is still
needed in this area. This research should focus on develop-
ing enhanced techniques for forecasting both short-range and
long-range use of HOV facilities. This research should
include assessing the techniques for estimating new HOV
users for various types of facilities, as well as the demand at
different vehicle-occupancy levels.

Planning and Demand Estimation Techniques for
Arterial Street HOV Applications. As identified in the
Manual, most of the available planning and demand fore-
casting methodologies focus on HOV facilities on freeways
and in separate rights-of-way. Few approaches and tech-
niques are available for practitioners interested in planning
arterial street projects. Research should be conducted on the
methods that are being used to plan bus-only lanes, HOV
lanes, and bus and HOV signal priority projects in the arte-
rial street environment. The development of a comprehen-
sive planning guide for these types of facilities, which would
update the current chapter in this Manual, should be the
desired outcome of the study.

Assessing the Impact of HOV Improvements on Air
Quality and the Environment. The research conducted for
the Manual points out the lack of good information on the air
quality impacts of HOV facilities. In general, the impacts of
HOV lanes on air quality are more complex and less well
understood than generally thought. Research is needed to
quantify the vehicle occupancy and congestion tradeoffs
involved in HOV lane implementation, and model the
impacts of HOV lanes on air quality and other environmen-
tal considerations. Issues to be examined include how to
model HOV networks to estimate air quality, the impact of
HOV lanes on traffic operations and air quality, the effects
of lane conversions compared to adding an HOV lane, and
the impact of HOV facilities on noise, water quality, and
other issues.

Planning Techniques to Estimate the Impacts of
Changing Vehicle-Occupancy Requirements. As identi-
fied in the development of the Manual, little documentation
exists on the impacts of changing vehicle-occupancy levels
on HOV facilities, especially with increasing occupancy
requirements. Additional research is needed to assess the
impacts of both increasing and decreasing vehicle-occupancy
requirements. This study should include an analysis of
changes in carpool and bus use, impacts on general-purpose
lane traffic, enforcement issues, and other factors. The
research should also develop techniques for better estimating
changes in HOV demand and other impacts from increasing
or decreasing vehicle-occupancy requirements.

Planning Techniques for Developing Regional HOV
Systems. Examples of regional HOV system plans, and the
procedures used to develop these plans, were examined during



the development of the Manual. A variety of approaches and
analysis methods are currently being applied to conduct
regionwide HOV planning. Additional research is needed to
explore these techniques in more detail, to assess the advan-
tages and limitations of the various approaches, and to
develop enhanced techniques for planning regional HOV
systems and for incorporating HOV facilities into existing
regional long-range transportation plans. The research
should also examine techniques to ensure greater coordina-
tion, cooperation, and communication among the various
governmental levels and agencies responsible for planning,
operating, and enforcing the various elements of the surface
transportation system, including all types of HOV facilities.
Guidelines on methods to foster improved coordination
should be identified.

Planning Techniques for Enhancing the Interaction of
HOYV and Rail Facilities in the Same Corridor. Additional
research is needed to examine the interaction and coordina-
tion among HOV lanes and rail transit systems operating in
the same corridor. Differences of opinion currently exist on
whether these services can be complimentary and serve dif-
ferent markets, or whether they are in competition and serve
the same markets. Research is needed to assess the markets
served by these modes, to identify techniques that can be used
to enhance coordination among HOV facilities and rail ser-
vices, and to explore other potential issues that may emerge
in planning both types of facilities in the same corridor.

Assessing the Maximum Capacity of an HOV Facility.
One of the issues that often emerges during the planning
process for an HOV facility is determining the maximum
capacity of an HOV lane. This issue is especially important
when HOV lanes are considered with or are being compared
to other types of improvements, including rail transit alterna-
tives. Further research should explore the capacity of various
types of HOV facilities using different vehicle-occupancy and
vehicle-eligibility requirements.

Assessing the Influence of HOV Facilities on Land Use
and Development Patterns. Little information exists on the
impact various types of HOV facilities have on land use pat-
terns in an urban area. There have been some suggestions that
HOV lanes may contribute to urban sprawl, by allowing
people to live longer distances from their place of work while
maintaining similar travel times by carpooling, vanpooling,
or taking the bus. Additional research is needed to better
understand the complex dynamics influencing land use and
development patterns, and the possible influence HOV facil-
ities may have on these trends.

Planning Techniques for Special Use Lanes. Little
information is available on allowing trucks or other special
user groups to access HOV lanes. Additional research is
needed to explore the potential issues and opportunities asso-
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ciated with opening HOV lanes to trucks and additional user
groups. The research should also examine the advantages
and disadvantages of different approaches, develop planning
guidelines for use in considering multiple user groups, and
identify other factors that should be considered in the plan-
ning process.

Operation and Enforcement of HOV Facilities
on Freeways and in Separate Rights-of-Way

The results from the literature review and the survey of
practitioners, along with the development of the final man-
ual, identified numerous research needs related to operating
and enforcing HOV facilities on freeways and in separate
rights-of-way. These research needs focus on ways to en-
hance the operation and enforcement of HOV lanes, as well
as examine a variety of issues associated with the use of dif-
ferent types of facilities.

Assessment of Effective HOV Enforcement Procedures.
Effective enforcement is critical to the success of an HOV
facility. The variety of HOV lane designs and operating sce-
narios present an increasing range of enforcement options
and problems. At the same time, police agencies are facing
funding cutbacks which limit the personnel available for
assignment to HOV enforcement. To maximize available
personnel, more efficient and effective enforcement ap-
proaches must be developed, evaluated, and implemented.
This study would examine the design and placement of
enforcement areas, the use of automated enforcement tech-
niques and ticket-by-mail programs, impacts of design fea-
tures on violation rates and enforcement requirements, the
deterrent effects of publicized penalties, the role and effec-
tiveness of HERO programs, and other related efforts. The
project would identify deployment levels, enforcement tech-
niques, and design features that maximize compliance with
HOV regulations. It would also develop HOV enforcement
guidelines for police and other agencies. The study would
explore and identify approaches to building strong working
relationships between enforcement agencies and the court
systems to help ensure that HOV lane violations will be
upheld. Funding alternatives for enforcement programs
would also be examined.

Experience with HOV Eligibility and Operational
Definitions. The vehicle-occupancy requirements, vehicle-
eligibility regulations, and hours of operation currently in use
with HOV facilities were all discussed in the Manual. Deci-
sions on these factors and other elements will influence the
operation of an HOV lane and public perception. It may also
be necessary to reassess these requirements in response to too
high a demand, as well as under-utilization of a facility.
Additional research is needed to assess the full range of
approaches for managing demand on HOV facilities and
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the operational steps required to implement these tech-
niques. Strategies to be considered include changing vehicle-
occupancy requirements, variable time-of-day restrictions,
allowing lower occupancy or single-occupancy vehicles
(SOV) to use the lane for a fee, and other options. This study
would examine these issues and document the experience
with HOV facilities that have used different techniques to
manage demand. The results of this analysis would be used
to develop guidelines for managers and operators faced with
the problem of HOV lanes which are either too crowded or
too empty.

Analysis of Mode Choice on Existing HOV Facilities.
Several studies have documented the increase in HOV
usage on affected freeways immediately following the
implementation of an HOV facility. Less research is avail-
able, however, on the formation of new carpools in re-
sponse to a new HOV lane, or on existing carpools that
change their routes to take advantage of the time savings
offered by the lanes. Few studies have tracked the growth
of carpool formation over time as an HOV lane matures or
documented the impact of HOV facilities on parallel tran-
sit lines. Improving the ability to assess the short- and
long-term impact of HOV lanes on carpooling and transit
ridership would benefit planners and would assist in devel-
oping and calibrating mode-choice models. This study
would analyze existing data on the growth of carpooling
and transit use in HOV lanes over time. It would attempt
to isolate the impact of the HOV lanes on mode choice
alternatives.

Comparison of Actual and Perceived Travel Time Sav-
ings and Travel Time Reliability for HOVs. Studies have
indicated that people using HOV facilities often wrongly
estimate their travel times and travel time reliability. HOV
lane users tend to overestimate the time savings from using
a facility, while non-users tend to underestimate the potential
savings. In addition, HOV lane users and non-users may have
different perceptions of the travel time reliability of HOV
facilities. Since research has shown that people make trans-
portation decisions based on their perceived travel times as
well as travel time reliability, it is important that this issue be
examined. This research would assess the perception of
travel time savings and travel time reliability by HOV lane
users and non-users, the elements that affect these percep-
tions, and techniques to communicate more accurate infor-
mation on travel times and travel time reliability to users and
potential users of HOV facilities.

Developing HOV Systems to Improve Efficiency. The
information examined in this Manual indicates that HOV
lanes are more effective when applied in conjunction with
a variety of complementary treatments, such as queue-jump
treatments at freeway entrance ramps, park-and-ride lots,
and transit centers. A full understanding does not exist,

however, of what techniques and approaches have the most
influence on encouraging greater use of HOV modes. This
research would examine the strategies used by various
agencies in developing a variety of HOV facilities and
HOV networks. It would also develop approaches to inte-
grating all aspects of the highway-based transportation sys-
tem, including bus transit and bus-to-rail connections, with
HOV networks.

Assessment of Incident Management Strategies. A vari-
ety of techniques are currently being used to respond to inci-
dents and accidents on HOV facilities. In addition, different
policies and approaches are in use to govern opening HOV
facilities to help manage incidents on the adjacent freeway or
street. Additional research is needed to better document the
current practices and to develop alternative approaches for
enhancing incident response capabilities on HOV facilities,
as well as the use of HOV lanes to manage incidents on adja-
cent facilities.

Assessment of ITS to Enhance the Operation of HOV
Facilities. The application of ITS with HOV facilities was
discussed in the Manual. In most areas, ITS applications are
still in the testing and initial deployment phases. As a result,
experience is still being gained on the use and benefits of var-
ious ITS and other advanced technologies with HOV facili-
ties. Additional research is needed to document and analyze
current projects, and to further explore innovative techniques
and applications.

Assessment of Techniques to Link Freeway and Arte-
rial Street HOV Operations. Few examples exist of
regional HOV networks that include linking facilities on
freeways or in separate rights-of-way with those on arterial
streets. Since congestion levels on arterial streets often con-
tribute significantly to the travel time delays experienced by
carpools, vanpools, and buses, enhancing the connection
between HOV facilities on all types of freeways and road-
ways may have significant benefits. This research would
examine existing examples of links between freeway and
arterial street HOV facilities and would identify techniques
and approaches that could be used to encourage additional
connections.

Enhancing HOV Simulation Models. Currently, many
HOV operational considerations cannot be modeled. Im-
provements in existing simulation models and new models
are needed to better assess HOV lane alternatives and oper-
ational strategies. This project should examine improved
simulation models for assessing HOV lane alternatives, as
well as access options, and when and where to terminate an
HOV facility. The results of this study would provide practi-
tioners with enhanced models for simulating various HOV
lane, access, and end treatments.



Design of HOV Facilities on Freeways
and in Separate Rights-of-Way

Many agencies use formal design guidelines for HOV
facilities on freeways and in separate rights-of-way, while
other agencies use informal design practices. A number of
design issues and concerns were identified by individuals
responding to the survey and during the development of the
Manual. Areas for additional research related to HOV facil-
ities on freeways and in separate rights-of-way are discussed
in this section.

Assessment of Design Treatments for HOV Facility
Access, On-Line Stations, and End Treatments. The
design of ingress and egress points and end treatments asso-
ciated with HOV lanes plays a significant role in the effec-
tiveness of these facilities. The increased use of HOV lanes
by buses and the development of multimodal links in urban
transportation systems are also creating the need to explore
on-line HOV station designs for mixed-vehicle use. A vari-
ety of ingress, egress, end treatments, and on-line station
design applications for HOV facilities are currently in oper-
ation throughout North America. This research would exam-
ine the issues associated with the safety and effectiveness of
different design applications and would develop more
detailed guidelines on the design of these facilities.

Assessment of Safety Aspects of Various HOV Lane
Designs. A variety of design treatments are used with HOV
facilities on freeways and in separate rights-of-way. These
may include variations in the separation from the general-
purpose travel lanes, the presence or absence of median
shoulders adjacent to HOV lanes, and other features that may
affect the safety of the HOV and the general-purpose lane
operation. Before-and-after comparisons, along with assess-
ments of control freeways, are needed to document the
impact of different design treatments on accidents and safety.
This research study would examine the impact of various
design treatments on safety issues, and would identifytech-
niques to address specific concerns.

Assessment of Enforcement Design Treatments. The
important role that enforcement plays in successful HOV
projects was stressed throughout the Manual. A variety of
enforcement areas, strategies, and design treatments are cur-
rently in use with HOV facilities throughout North America.
Additional research is needed to examine the design issues
associated with alternative enforcement approaches. This
study would examine alternative designs for enforcement
areas and other enforcement treatments, including design
issues associated with the use of advanced technologies and
remote enforcement. It would develop more detailed guide-
lines on designing various types of HOV enforcement
approaches.
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Assessment of Design Considerations for Part-Time
Versus Full-Time HOV Facilities. Some HOV lanes are
used only during the morning and afternoon peak periods,
while others are in operation during only one of the peak
periods. These facilities revert to shoulders, general-purpose
lanes, or other functions during the remainder of the day.
Other facilities operate as HOV lanes on a 24-hour basis.
Further research is needed on the design issues associated
with part-time HOV facilities. This study would examine
both reduced and full design standards, the issues associated
with the use of different designs, and case study examples of
various approaches. The study would develop more detailed
guidelines on designing part-time HOV facilities that could
be incorporated into future updates of the Manual.

Assessment of Standardizing HOV Facility Signing
and Pavement Markings. The use of different signing and
pavement markings with HOV facilities in North America
was discussed in the Manual. Additional research is needed
to explore the potential to standardize these elements among
various areas and states. This study would explore the issues
associated with implementing a uniform approach. It would
suggest a common set of signs and markings and would out-
line possible implementation techniques.

Operation and Enforcement
of Arterial Street HOV Facilities

The research conducted in this project reinforces the lack
of available information on operating and enforcing arterial
street HOV facilities. The characteristics of the arterial street
environment are different from those on freeways or in sep-
arate rights-of-way. As a result, much of the experience
gained over the years in operating and enforcing HOV facil-
ities on freeways and in separate rights-of-way is not directly
transferrable to arterial street projects. A comprehensive
research program, which includes the following projects, is
needed to address the operation and enforcement of HOV
facilities on arterial streets.

Assessment of Operating Arterial Street HOV Treat-
ments. Additional research is needed to fully explore the
operation of existing arterial street HOV lanes. This study
would start with a comprehensive documentation of the cur-
rent use of different treatments. It would also explore uti-
lization rates for buses, as well as carpools and vanpools.
Potential issues associated with different techniques would
be highlighted, along with approaches for addressing these
issues. Operational concerns and strategies appropriate with
bus-only lanes, HOV lanes, bicycle and HOV lanes, and
other unique situations would be explored. Although many
of these issues were examined briefly in the development of
the HOV Systems Manual, a detailed assessment was outside
the scope of this research. Additional studies are needed to
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explore the operation of existing and planned arterial street
applications.

Priority Treatments for HOVs at Signalized Intersec-
tions. Much of the delay experienced by HOVs on arterial
streets is caused by traffic signals at intersections. More
research is needed to fully document the current practices to
give HOVs priority at signalized intersections. This project
would also examine the issues associated with providing
priority through different techniques and the potential use
of ITS and other advanced technologies to overcome these
concerns.

Enforcement of Arterial Street HOV Treatments.
Enforcing HOV facilities on arterial streets is different from
policing facilities on freeways and in separate rights-of-way.
Additional research is needed to assess the use of different
enforcement strategies and techniques, to identify those that
appear to be most effective, and to examine new approaches
using ITS and other advanced technologies.

Development of Evaluation Procedures and Data-
Collection Techniques for Arterial Street HOV Treat-
ments. As noted previously, suggested procedures for
monitoring and evaluating freeway HOV facilities were
developed as part of a multiyear FTA-funded research proj-
ect. Similar procedures have not been developed for arterial
street HOV facilities. This research would start with a review
of before-and-after studies, evaluation programs, and data
collection techniques with the different types of arterial street
HOV facilities. The results of this assessment would be used
to develop suggested objectives, measures of effectiveness,
data collection techniques, and comprehensive ongoing
monitoring and evaluation programs for use with different
priority measures for HOVs on arterial streets.

Coordinating Land Use and Arterial Street HOV
Facilities. Arterial street HOV facilities may impact adjacent
land uses in a number of ways. These include limiting access
at driveways or intersections, removing or restricting on-
street parking and delivery vehicles, and other impacts.
Additional research is needed to obtain a better understand-
ing of the effects arterial street HOV lanes may have on land
uses and developments, to identify techniques to overcome
potential negative impacts, and to identify approaches to bet-
ter integrate land use and site design planning with planning
and operating arterial HOV facilities.

Design of Arterial Street HOV Facilities

The analysis conducted for this project points out the need
for additional research on a variety of topics related to the
design of arterial street HOV facilities. The following studies
should be included in the comprehensive research program

for arterial street HOV treatments described in the previous
section. The results of these research projects should be incor-
porated into future updates of the HOV Systems Manual.

Assessment of Design Issues with Arterial Street HOV
Facilities. More research is needed to examine the design
issues associated with various types of arterial street HOV
treatments. The detailed examination of these issues was out-
side the scope of this research study. Topics which should be
explored in more detail include design treatments to accom-
modate turning vehicles at intersections and at driveways,
issues associated with on-street parking and delivery vehi-
cles, and accommodating bicyclists and other user groups.
The results of this study would be a more comprehensive
design guide for all types of arterial street HOV facilities.

Assessment of Safety and Enforcement Design Treat-
ments with Arterial Street HOV Facilities. The design of
an arterial street HOV facility may impact the safety of users
and non-users, as well as the ability to enforce the lane. Addi-
tional research is needed to examine the safety and enforce-
ment issues associated with different design treatments. This
study would explore current design features of arterial street
HOV projects, potential safety and enforcement concerns,
and potential enhancements to address these concerns.

Assessment of Design Issues with Arterial Street Signal
Priority Projects. As identified in the development of the
HOV Systems Manual, providing priority for buses and other
HOVs at signalized intersections is not widespread. A num-
ber of design and operating issues have limited the use of this
approach in many areas. Additional research is needed on the
design of signal priority projects. This research project will
examine the design issues associated with the intersection,
the signal timing and signal algorithms, and other issues
commonly associated with this technique. The results of the
study would provide more detailed guidelines for designing
signal priority projects.

Assessment of Standardizing Arterial Street HOV
Facility Signing and Pavement Markings. This research
project, which would examine the potential to standardize
signing and pavement markings for HOV facilities on arte-
rial streets, could be coordinated with the freeway project
discussed previously. A more detailed assessment would be
made of currently used signs and pavement markings, and
the potential to implement a uniform approach.

Transit Services and Facilities

The use of various types of HOV facilities by transit ser-
vices was discussed in the HOV Systems Manual. The imple-
mentation of new or restructured express bus service is the
most commonly found approach with HOV lanes. Although



the benefits HOV facilities offer public transit services have
been documented in some areas, there is still a need to better
understand the impacts different design treatments and oper-
ating scenarios have on bus services. For example, a consen-
sus does not currently exist on the impact of carpools and
vanpools on bus operations. The following research studies
have been identified through the literature review, the survey
of practitioners, and the TRB HOV Systems Committee to
help maximize the benefits of HOV facilities to transit oper-
ations. The results of these studies could be incorporated into
the ongoing updates of this Manual.

Assessment of Transit Operations and Innovative
Transit Services with HOV Facilities. Although case study
examples of bus services with HOV facilities were identified
during the development of the Manual, a detailed assessment
of the impact on transit operations was beyond the scope of
this project. A more detailed examination of the use of HOV
facilities by transit operators, the impact of various design
and operating scenarios on bus services, the implementation
of new and innovative transit services, and the advantages
and disadvantages of different design and operating
approaches is still needed. This study would examine the
impact of busways, freeway HOV facilities, and arterial
street HOV applications on transit operations and services. It
would also document the use of new services, such as reverse-
commute routes, timed transfer networks, crosstown routes,
suburb-to-suburb routes, and buspools. The results of this
study would provide guidelines for use in planning, imple-
menting, and operating innovative transit services with HOV
facilities and maximizing the benefits of HOV facilities to
transit operators.

Assessment of Rail and HOV Coordination. A few
examples were identified during the research of rail transit
and HOV/bus operations in the same travel corridor. Addi-
tional research is needed to examine coordinating rail and
HOV/bus operations in the same corridor, as well as coordi-
nating services in different corridors in the same metropoli-
tan area. This research study would document existing
examples in more detail and would outline other techniques
for enhancing intermodal and multimodal coordination.

Developing Improved Techniques for Estimating the
Demand for Park-and-Ride Facilities. As discussed in this
Manual, a number of techniques are currently available for
estimating the demand for park-and-ride facilities, as well
as locating and sizing these lots. These techniques have
strengths and weaknesses. Additional research is needed to
develop a better demand estimation model for different types
of park-and-ride facilities. This research study would exam-
ine the existing techniques in more detail and would develop
enhanced procedures for estimating the demand for park-
and-ride lots associated with HOV facilities. It would also
provide guidelines for locating and sizing these facilities.
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Joint Development with HOV Facilities. A few examples
of existing joint development projects with HOV facilities
were identified in this research project. Joint developments
are more frequently found with rail transit systems than with
HOV and bus systems, however. This research would exam-
ine the current HOV joint development projects in more
detail and would identify techniques that could be used to
encourage more joint development activities with HOV
facilities.

Supporting Programs and Policies

The important role that supporting programs and policies
play in the success of an HOV facility was identified during
the development of the Manual. The exact influence of many
TDM strategies is still not well understood, however. Further
research is needed to better document the impact that various
TDM techniques can have and to identify those strategies
that may have the greatest impact on increasing the use
of HOV facilities. The following research studies would
address these needs.

Analysis of Factors Impacting the Effectiveness of
HOYV and TDM Strategies. TDM techniques are being used
in many areas to enhance the effectiveness of HOV facilities.
More research is needed to better understand the influence of
TDM strategies with HOV projects. This study would pro-
vide a comprehensive review of HOV and TDM applica-
tions, with emphasis on instances involving simultaneous
application for which HOV user trip and purposes are
known. The characteristics associated with the successful
and unsuccessful implementation of these strategies would
also be examined.

Assessment of Innovative Techniques to Encourage
Greater Use of Carpools, Vanpools, and Buses. This study
would provide a new perspective on techniques that could be
used to encourage greater use of alternative travel modes and
HOV facilities for both work and non-work trips. The expe-
rience with existing strategies would be documented, and
potential new approaches would be identified and analyzed.
The intent of the project would be to take a fresh look at the
factors influencing mode choice and travel behavior and to
match service strategies, the use of ITS technologies, and
other techniques to meet these needs.

Implementing HOV Facilities

The development of the HOV Systems Manual identified a
number of areas where additional research related to the imple-
mentation of HOV facilities is needed. These areas include
exploring techniques to manage traffic during construction, to
enhance agency coordination during implementation, and to
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coordinate the opening of meaningful segments. Further re-
search on innovative contracting techniques and special con-
siderations for implementing general-purpose lane conversion
projects and priority pricing projects is also needed.

Techniques to Manage Traffic During Construction.
This research study would examine techniques to manage
traffic during the construction of HOV facilities. The use of
temporary HOV lanes to assist with the management of traf-
fic during the reconstruction of existing freeways and road-
ways would also be addressed. Although examples of current
approaches were highlighted in the Manual, further research
is needed to explore other innovative techniques. The results
of this research would document existing case studies and
would present new approaches for use with future projects.

Techniques to Enhance Agency Coordination During
Implementation. The implementation of an HOV lane and
supporting facilities and services requires extensive coordi-
nation and cooperation among agencies. Although staff from
these agencies will usually have established good working
relationships during the planning and design phases, differ-
ent personnel are often responsible for the implementation
process. Additional research is needed to identify techniques
that can be used to foster and promote greater coordination
among agency personnel during the implementation phase.
This research should explore approaches to ensure that the
opening of facilities and the initiation of services are accom-
plished in a coordinated manner.

Implementation Phasing. Related to the previous topic,
additional information is also needed on approaches to phase
construction and implementation of HOV facilities. Experi-
ence indicates the importance of opening operable segments
that provide significant travel time savings for HOVs. This
research project would examine the approaches currently
being used, present case studies, and outline enhanced tech-
niques for phasing the implementation of HOV lanes, as well
as supporting facilities and services.

Innovative Contracting Techniques with HOV Facili-
ties. As highlighted in the Manual, many agencies are explor-
ing and using innovative contracting techniques on a wide
range of projects, including HOV facilities. Additional
research is needed on the use of various techniques with
HOV projects, the costs and benefits associated with these
approaches, and the identification of other innovative strate-
gies. The results of this study should include case study
examples, guidelines for the use of different approaches, the
benefits that can be anticipated from various mechanisms,
and legal and policy issues that may need to be addressed
with their use. The results, which could be incorporated into
this Manual, would provide an easy-to-use guide for practi-

tioners interested in using innovative contracting methods
with HOV facilities.

Public Involvement and Marketing Program

The use of various public involvement and marketing
techniques with HOV facilities is described in the HOV
Systems Manual. In addition, the FHW A-sponsored HOV
Marketing Manual provides more detailed information on
marketing and promotional activities (36). Even with these
two documents, however, there is a need for further research

related to public involvement and marketing programs with
HOV facilities.

Assessment of Techniques to Build Public and Political
Acceptance for HOV Facilities. Additional research is
needed to assess the techniques that are currently being used
to build public and political acceptance with HOV facilities
around the country and to identify new approaches. Although
many public agencies have undertaken enhanced public edu-
cation and outreach efforts, additional guidance on the most
effective techniques is still needed. This research study would
explore the approaches currently being used, as well as the
techniques used by agencies and private sector groups on other
projects. New approaches for gaining public and political sup-
port would also be identified. The study would develop guide-
lines on the various strategies that can be used, the advantages
and limitations of different techniques, and approaches to con-
sider based on specific conditions or situations.

Assessment of Information and Marketing Techniques
for Visitors, Tourists, and Part-Time HOV Lane Users.
Public information and marketing efforts related to HOV
facilities are usually oriented toward commuters who use the
lanes on a daily or regular basis. Less emphasis has been
placed on promoting HOV lanes with part-time or periodic
users, although HOV facilities are located in areas with sig-
nificant numbers of visitors and tourists. This research study
would examine the special information needs of visitors and
tourists, the potential use of HOV facilities by these groups,
and the techniques that could be used to promote HOV lane
use. The study would identify approaches and strategies that
could be implemented in different areas, the cost and bene-
fits of various techniques, and methods to assess the impact
of these programs.

Monitoring and Evaluating HOV Facilities

The HOV Systems Manual includes a comprehensive
guide to developing policies, planning, designing, funding,
implementing, marketing, operating, and enforcing HOV
facilities. Regular updating of the Manual will be needed to
ensure that it continues to reflect current practices and that



recent experiences with new projects and techniques are
incorporated. The following research studies are needed to
help maintain the Manual as a practical and useful guide.

Updating the HOV Systems Manual. The Manual should
be updated on a regular basis to ensure that it reflects current
trends and information. The research needs outlined in this
chapter should be incorporated into these updates. The use of
the three ring binder format allows for new or revised sec-
tions to be added easily.

Maintaining and Updating HOV Project Database. In
addition to updating the HOV Systems Manual, the listing of
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current and planned projects, case study examples, and other
information will need to be updated periodically. Maintain-
ing a current database that provides accurate information on
all projects would provide a resource for practitioners, pol-
icy makers, and others throughout the country.

Ongoing Monitoring and Evaluation of Studies. Sup-
port is needed for the ongoing monitoring and evaluation of
HOV facilities throughout the country. Accurate and current
information on the performance of HOV facilities is needed
at the local, regional, state, and national levels. There is also
aneed for ongoing research studies at the local levels, as well
as coordination of the studies at the national level.
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CHAPTER 4

CONCLUSIONS AND SUGGESTED RESEARCH

This chapter is divided into two main sections. The major
steps conducted during the development of the actual HOV
Systems Manual are presented in the first section. The second
section presents the proposed implementation plan for mov-
ing the manual quickly into practice. This plan has been
updated and expanded from the approach given in the interim
report. The HOV Systems Manual, the major product of the
research project, is provided as a separate document.

DEVELOPMENT OF THE HOV
SYSTEMS MANUAL

The interim report included a proposed format and a
detailed outline for the HOV Systems Manual. The detailed
outline included 13 chapters to provide a comprehensive
approach for developing policies and for planning, design-
ing, implementing, marketing, operating, enforcing, and
evaluating HOV facilities. Furthermore, the use of a three-
ring binder for the manual was recommended to allow for
easy updating. Given the evolving nature of many aspects
related to HOV facilities and ongoing research efforts, it is
anticipated that there will be a need to update various sec-
tions of the Manual on a periodic basis.

The HOV Systems Manual was developed during the
period from April 1996 to October 1997. A number of activ-
ities were conducted during this time to help ensure that the
individual chapters contained up-to-date information on the
status of projects and issues. Journal articles, papers, reports,
conference presentations, and the Internet were all used
to obtain current information for the Manual. In addition,
e-mail and telephone calls to agency representatives, consul-
tants, and other individuals were used as needed. Input was
also received through conferences and other meetings. The
following activities, which reflect those outlined in the plan
for practitioner involvement contained in the Interim Report,
were used to obtain input from transportation professionals
during the development of the Manual.

NCHRP Panel Review and Input

The members of the NCHRP Panel were actively involved
throughout the development of the HOV Systems Manual.
The panel provided excellent suggestions and comments dur-

ing both phases of the project. As noted previously, the
NCHRP Panel members and the TRB and FHWA liaisons
provided comments on the initial draft format and the
detailed outline contained in the interim report. Comments
and suggestions were incorporated into the revised interim
report. The outline was used to guide the development of the
various chapters.

The individual chapters of the draft HOV Systems Manual
were mailed to panel members, the FHWA liaison, and the
two TRB liaisons for review as they became available during
Phase Two. The comments and suggestions from panel mem-
bers were returned to the NCHRP staff and provided to the
research team. The comments were reviewed by the research
team and incorporated into the final draft of the Manual. This
process greatly enhanced the development of the final draft
HOV Systems Manual. Many excellent suggestions, correc-
tions, and additional information on projects and facilities
were provided by panel members. Responses to the com-
ments identified how questioned points were addressed in the
report. Copies of the responses were provided to the NCHRP
panel members, the TRB and FHWA liaisons, and NCHRP
staff along with the final draft HOV Systems Manual.

Practitioner Review and Assistance

A number of individuals volunteered to assist with the devel-
opment of the HOV Systems Manual. Practitioners responding
to the survey were able to indicate an interest in reviewing the
outline and individual chapters. In addition, individuals at con-
ferences and committee meetings also volunteered to provide
updated information or to review various sections.

Many individuals with a wide range of experience helped
with the development of the draft Manual (see Table 9).
Assistance included reviewing the draft outline, providing
updated information on projects, reviewing draft chapters,
and reviewing the full draft. Telephone calls and e-mail were
used extensively to obtain updated information. Although
not all individuals who were sent drafts of various sections
responded with comments, those who did provided valuable
suggestions for enhancing the Manual. The major comments
from these individuals and the corrections or additions made
in the Manual were provided to the panel members with the
final draft.
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TABLE 9 Individuals providing assistance with the development of the

HOV Systems Manual

Rob Fellows, WSDOT

Jerry Ayres, Washington State Department of Transportation
Dennis Dal Santo, Pace (Suburban Bus), Arlington Heights, IL
Mark Dierling, Minnesota Department of Transportation

Stefan Fabian-Marks, Intercity Transit in Thurston County, WA

George Human, City of Richardson, TX

Aaron Isaacs, Metropolitan Council Transit Operations, Minneapolis, MN
Bill Jeffrey, Virginia Department of Transportation

Ron Klusza, California Department of Transportation

Kevin Michel, Los Angeles County Metropolitan Transportation Authority
Robert Morgan, Minneapolis Public Works

Gary Nelson, Greater Cleveland Regional Transit Authority

Luisa Paiewonsky, Massachusetts Highway Department

Carl Quackenbush, Central Transportation Planning Staff

Mike Rainey, Metropolitan Transit Authority of Harris County (METRO)
Bruce Rizzieri, City of Albuquerque Transit and Parking

Burt Riddle, Georgia Department of Transportation

John Sediak, Metropolitan Transit Authority of Harris County (METRO)
William Steffens, Massachusetts Bay Transportation Authority

David Schumacher, Metropolitan Transit Development Board

*Listed in alphabetical order.

Professional Organizations and Meetings

Input was also obtained from practitioners through com-
mittees and meetings of various professional organizations.
Presentations were made by members of the research team
during the development of the HOV Systems Manual at
the 1996 TRB International HOV Systems Conference in
Pittsburgh, as well as meetings of the TRB HOV Systems
Commiittee, the ITE Transit Council, and the TRB TDM
Committee. Two breakout sessions at the 1996 HOV Con-
ference were devoted to a discussion of the detailed Manual
outline and elements to be included. The extensive input
received at these sessions were provided to the Panel mem-
bers in September 1996 (see Appendix E). Feedback was
also obtained on the Manual from participants at two pilot
FHWA HOV training courses held in the summer of 1997.
These included a 3-day pilot course in Washington, D.C. and
a 1-day pilot course in Boston.

IMPLEMENTATION PLAN

This section outlines the proposed implementation plan
for transferring the completed HOV Systems Manual into
practice. The plan presents the approaches, methods, and
techniques suggested to help ensure that the manual is
quickly made available to practitioners and is incorporated
into everyday use and practice. The proposed plan provides
a coordinated and comprehensive technology transfer
process necessary to advance the state-of-the-practice related
to all aspects of HOV systems. The proposed implementation
plan is comprised of the following eight elements. Additional
resources will be needed to implement some of them.

Marketing the HOV Systems Manual;

* Distributing the HOV Systems Manual;

+» Using the HOV Systems Manual at national, state, and
local training sessions;

* Maintaining the HOV Web Site;

+ Publishing the HOV Systems Manual on CD-ROM;

« Using video to support the HOV Systems Manual;

+ Distributing the Manual at national conferences; and

* Using the Manual in graduate and undergraduate courses.

These eight elements provide for broad coverage of dif-
ferent groups and audiences. These include transit and high-
way professionals, individuals responsible for air quality and
congestion management activities, policy makers, special
interest groups, undergraduate and graduate students, and
others. The proposed implementation plan has been revised
slightly from the draft plan included in the interim report.
The potential for video conference training sessions has been
incorporated into the general use of the Manual at training
courses rather than highlighting this technique as a separate
item. Marketing the Manual, publishing and distributing the
Manual on a CD-ROM, and developing a video to support
the Manual have been added as elements of the proposed
implementation plan. The eight elements comprising the pro-
posed implementation plan are summarized next.

Marketing the HOV Systems Manual

The NCHRP is responsible for the final production and
distribution of the HOV Systems Manual. As part of this
effort, a number of methods can be used to help market the
Manual, and to inform transportation professionals, policy
makers, and other groups of the availability of the Manual.
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Possible techniques include the normal NCHRP notification
methods, sending a postcard or flyer to the extensive TRB
HOV Committee mailing list, posting information on the
TRB HOV Committee Internet Web site, using publications
of various organizations, and other techniques.

Distribution of the HOV Systems Manual

The NCHRP is responsible for distribution of the final
HOV Systems Manual; NCHRP has an extensive mailing
list for publications like this one. Additional distribution
through organizations such as TRB, ITE, AASHTO, APTA,
ASCE, ITS America, APA, and other groups may also be
appropriate.

Use of the Manual at National, State,
and Local Training Sessions

The HOV Systems Manual will be incorporated into train-
ing sessions sponsored by TRB, FHWA and FTA, states, and
local agencies. The Manual will also be used in the FHWA-
sponsored HOV training courses currently in preparation.
These courses, which include 1-day, 2-day, and 3-day for-
mats, are being designed around the HOV Systems Manual.
The Manual will be the source book for the training sessions.

In addition, the Manual will be used at the training ses-
sions held in conjunction with the international conferences
sponsored by the TRB HOV Systems Committee. Further,
the Manual can be used at training sessions sponsored by
state and local agencies and groups. Additional support mate-
rials—such as overheads and slides—could be provided to
assist with these sessions. These outreach activities would
help transfer the research results to a wider audience of prac-
titioners and policy makers.

The potential use of video conference training sessions
will also be explored. Video conferencing technologies could
be used to link into a scheduled training sessions, or a special
training effort could be conducted focused on video confer-
encing. The opportunity to use video conferencing can be
examined by agencies and groups interested in delivering or
obtaining the various training sessions.

HOV Web Site

The TRB HOV Systems Committee is currently develop-
ing an HOV web site or home page on the Internet. Informa-
tion on the availability of the manual, how to obtain copies,
and the contents of the Manual will be included on the web
site. Portions of the Manual may also be highlighted and noti-
fication of updated chapters and other revisions, upcoming
training courses, national conferences, additional HOV-
related reports, ongoing research projects, and other infor-
mation will be included.

HOV Systems Manual on CD-ROM

The potential of publishing and distributing the HOV Sys-
tems Manual on CD-ROM will be explored. The use of CD-
ROMs is becoming much more widespread. For example, the
papers from the 1997 ITE Annual Meeting were available
only on CD-ROM. Potential funding for transferring the
HOV Systems Manual from printed copy to CD-ROM format
will be explored. Approaches for selling or distributing the
CD-ROM will also be examined.

Video to Support the HOV Systems Manual

The development of a video to support the HOV Systems
Manual will be explored. The video could highlight the var-
ious elements addressed in the Manual, including the experi-
ence with various types of HOV facilities, developing HOV
policies, and planning, designing, implementing, marketing,
operating, enforcing, and evaluating HOV projects. Depend-
ing on available funding, consideration could be given to a
shorter video for policy makers and a longer video for tech-
nical staff.

National Conferences and Publications

Technical papers and presentations based on the HOV
Systems Manual and other results of the research study will
be prepared for presentation at TRB, ITE, AASHTO,
APTA, APA, ASCE, and ITS America meetings as appro-
priate. Articles will be prepared and submitted to pro-
fessional journals and publications. All of these activities
will help promote widespread distribution of the research
results.

Use of Manual in Graduate
and Undergraduate Courses

To help ensure that the HOV Systems Manual and the
results of the research study are transferred to future genera-
tions of practitioners, the Manual will be made available to
professors teaching graduate and undergraduate courses in
transportation planning, engineering, and operations, as well
as other related fields. Funding will also be sought to develop
specific course materials, lectures, overheads, slides, and
videos for the graduate and undergraduate levels.

UPDATING THE HOV SYSTEMS MANUAL

The HOV Systems Manual prepared under this research
study provides a comprehensive guide to developing policies,
planning, designing, implementing, marketing, operating,
enforcing, and evaluating various types of HOV facilities.
The Manual includes information on the these topics to assist



35

TABLE 10 Updating the HOV Systems Manual

Steps

Responsibility

Ongoing Updates
¢ Include Requirement for Updated
Section of HOV Manual in RFP or
Scope-of-Work
¢ Prepare Draft Update
¢ Review Draft Update

+ Finalize Update
* Publish Update

Five-Year Review
» Comprehensive Review and
Identification of Additional
Research, Emerging Issues, and
Project Updates
¢ Initiate Update

« Sponsoring Agency or Group

Contractor

Sponsoring Agency or Group and
TRB HOV Systems Committee
Contractor

NCHRP

¢ TRB HOV Systems Committee

NCHRP and Other Funding Sources

professionals and policy makers to plan, design, and operate
efficient and effective HOV projects.

As documented in the section on additional research
needs, there are still many questions and issues to be exam-
ined related to HOV facilities. Original research on these top-
ics was beyond the scope of this study. The evolving nature
of transportation issues, as well as new problems and oppor-
tunities, will require continued research.

For these reasons, the HOV Systems Manual should be
updated on a regular basis. As highlighted in Table 10, the
recommended process contains two major components.
First, the results of new research should be added to the
Manual. Second, the Manual should be reviewed every
5 years to determine major update needs. The TRB HOV
Systems Committee should play a key role in both these
activities.

It is recommended that the results of the additional
research projects identified previously and other relevant
studies be incorporated into the Manual on an ongoing
basis. These updates should be completed as soon as pos-
sible after the new information is available to facilitate the
technology transfer process and to ensure that profession-
als and policy makers have access to the most up-to-date
information.

To facilitate the update process, and to ensure conformity,
it is recommended that a new or revised section of the HOV

Systems Manual be one of the required deliverables for every
research project. This requirement should be included in the
request for proposal (RFP) or other statement of work issued
on future research projects.

The updated or new sections should follow the format in
the current manual. To help ensure the quality and useful-
ness of the updated sections, it is recommended that the
TRB HOV Committee review each new or revised section
prior to publication.

The dissemination of the updated sections would be part
of the normal NCHRP process. Special efforts should also be
made to assist in the dissemination process. These include
maintaining a list of all groups and individuals purchasing a
Manual, sending out notices on the availability of updates,
using the TRB HOV Committee web site, newsletter, and
other methods.

In addition, it is recommended that the TRB HOV Systems
Committee review the full HOV Systems Manual every
S years. This review should focus on identifying new and
emerging trends, developing additional research problem
statements, and updating project information. The results of
this review would be specific recommendations on updating
chapters or sections and additional research studies. These
recommendations would be provided to TRB, NCHRP,
TCRP, FHWA, FTA, and other agencies for initiating the
update process.
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APPENDIXES B THROUGH E
UNPUBLISHED RESEARCH

Appendixes B through E as submitted by the research Appendix C: List of Respondents
agency are not published herein. They are available for loan Appendix D: HOV Systems Survey Results
on request to NCHRP. Their titles are as follows: Appendix E: Suggestions from Partjcipants at the 1996

International HOV Systems Conference
Appendix B: Practioner Survey Form







